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INTRODUCTION 
During the summer months, emergences of mayflies and caddlsflles 
occur at numerous points along the upper Mississippi River, At Keokuk, 
Iowa, the principal nuisance species of caddlsflles are Hydropsvche orris 
Ross, CheumatODSvche campvla Ross and Potamyia flava (Hagen), all members 
of the family Hydropsychldae (Fremling, 1959 and 1960b), Since the larvae 
of these species are dependent upon current for their food supply, the 
dam at Keokuk (Dam 19), with the resulting current and lack of silting, 
has created a large area with favorable environmental requirements. This 
dam was completed in 1913 (Carlander, 1954), The resulting pool extends 
upstream for about 45 miles to Lock and Dam 18 which is located five miles 
above Burlington (Hoopes, 1959), The most important mayflies in this area 
belong to the genus Hexagenla, The naiads of this group are burrowing 
forms and inhabit silted areas in slow-moving water. Consequently, they 
are very abundant in the areas above the dam. Hexagenla bilineata (Say) 
is, by far, the most abundant species of this genus in the Keokuk area. 
The numerous problems created by large emergences of these insects 
have beeii rtviewed by Fremling (1960a and 1960b), Hoopes (1960), and 
Carlson (1960 and 1963). As a result of health, transportation, economic, 
and nuisance problems, several river towns have begun to consider measures 
for control of these insects. Before such measures are carried out, 
however, a thorough knowledge of the distribution, life history, and ecology 
of the nuisance species is essential. 
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For these reasons, an investigation was initiated by the Iowa 
Cooperative Fisheries Research Unit at Keokuk in 1957. During 1957 and 
1958, the life histories and possible control measures of the nuisance 
species were studied by Fremling (1953, 1960a, and 1960b). Hoopes (1959 
and 1960) studied the utilization of these insects by 17 species of fish 
in the area of Pool 19. Carlson (1960 and 1963) made a detailed 
investigation of the bottom fauna and studied methods and advisability of 
chemical control of the nuisance species. 
The objective of the present investigation was to provide additional 
information on the ecological relationships of mayflies, caddisflies and 
fishes of Pool 19 and its tailwaters. It was believed that a food habits 
study more intensive than that of Hoopes would be desirable. The 17 
previously studied species were given further attention but the food of 29 
additional species was also investigated. Another phase of the present 
study was an investigation of certain trematode parasites which employ 
several species of Pool 19 fish as definitive hosts and Hexagenla naiads 
as the second intermediate host. Information was obtained on life cycles 
and pathological effects. Some preliminary work on these parasites was 
performed by Fremling (1959 and 1960a) and Carlson (1960). A minor aspect 
of this investigation involved collection of additional data on seasonal 
and annual abundance of Hexagenia naiads in Pool 19. This problem was 
studied by Carlson (1960 and 1963). In addition, some information was 
obtained concerning life history and taxonomy of Hexagenia naiads. 
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MATERIALS AND METHODS 
Methods of Fish Collection 
Nearly all fish examined were collected in Pool 19 of the Mississippi 
River and in the tailwaters immediately below Lock and Dam 19. The 
collecting dates extended from 1960 to 1963. Numbers of individuals 
collected, dates, methods of capture, and localities are summarized in 
Table 1. 
Many fish were obtained from commercial fishermen at Keokuk and 
Burlington, Iowa. This arrangement provided only commercial species except 
when the author accompanied fishermen while they engaged in their fishing 
activities. 
Various gear was used by the commercial fishermen but some methods 
were more suitable than others for studies of food habits. The gear used 
by Burlington fishermen Included hoop nets, fyke nets, basket traps, trammel 
nets, seines, and trot lines. Of these, the latter two methods were the 
most satisfactory for stomach analysis. Trot lines were baited and set in 
the water in the evening and checked the following morning, thus, permitting 
examination of stomach contents prior to further digestion. The same 
advantage was gained by using seined fish. The commercial seining was 
nearly always shortly after midnight. The seine used was 1,000 feet long 
with a mesh size of 2 inches (bar measure). 
The other types of gear listed above were normally checked only at 
2- or 3-day intervals. The fish captured were less desirable for stomach 
Table 1. Fish collected in the Pool 19 area from 1960 to 1963 for food habits and parasite 
studies 
Species 
Numbers of individuals, collection dates, and method of capture for each 
locality. A-angling, E-electrofishing, F-fyke net, H-hoop net, S-seine, 
T-trap. TL-trot line. TN-tranmel net 
Upper Pool 19 Lower Pool 19 Lock 19 Gate® Tailwaters of Pool 19 
Paddlefish 
Shovelnose 
sturgeon 
t Shortnose gar 
Longnose gar 
Bowfin 
Gizzard shad 
Goldeye 
3-April(TN) 
l-December(S) 
l-August(S) 
2-March(F) 
l-August(S) 
l-July(E) 
l-August(S) 
2-June(S) 
2-July(S) 
6-August(E) 
2-June 
1-July 
l-August 
1-July 
5-July 
3-July(E) 
4-April(H) 
l-June(S) 
3-July(E,S) 
3-August(E,S) 
3-June(S) 
3-July(E,S) 
l-August(S) 
1-July(E) 
2-August(E) 
2-July(E) 
lock. 
*Fish ara captured as the gate is raised. 
F^ive individuals were captured during July and August with set lines from within the old 
Table 1 (Continued) 
Species 
Numbers of individuals, collection dates, and method of capture for each 
locality. A-angling, E-electrofishing, F-fyke net, H-hoop net, S-seine, 
T-trap. TL-trot line. TN-trammel net 
Upper Pool 19 Lower Pool 19 Lock 19 Gate* Tailwaters of Pool 19 
Mooneye 
Bigmouth buffalo 
Smallmouth 
buffalo^  
Black buffalo 
Quillback 
River carpsucker 
Northern redhorse 
8-December(S) 
2-March(F) 
1-November(F) 
4-March(F,TN) 
2-Novemb er(F) 
2~December(S) 
2-March(F,TN) 
l-June(F) 
3-0ctober(S) 
l-March(F) 
1-October(S) 
2-December(S) 
2-December(S) 
2-March(F) 
l-December(S) 
l-September(T) 
l-June(E) 
8-July(E,S) 
6-August(E,S) 
l-August(E) 
l-July(E) 
l-August(S) 
1-Augu8t(s) 
2—J une 
1-June 
1-July 
9-July(E,S) 
3-August(E) 
l-April(H) 
6-July(E,S) 
1-July(E) 
2-July(S) 
l-August(E) 
l-July(E) 
U1 
*T!wo individuals were captured during February with a trammel net in Pool 18. 
O^ne individual \ras captured during February with a trammel net in Pool 18. 
Table 1 (Continued) 
Species 
Numbers of individuals, collection dates, and method of capture for each 
locality. A-angling, E-electroflshlng, F-fyke net, H-hoop net, S-seine, 
T-trap. TL-trot line. TN-trammel net 
Upper Pool 19 Lower Pool 19 Lock 19 Gatea Tailwaters of Pool 19 
Carp 
Golden shiner 
Silver chub 
13-March(TN) 
l-September(T) 
Emerald shiner 
Spottail shiner 
River shiner 
2-June(S) 
2-July(S) 
3-August(E,S) 
l-November(S) 
l-June(S) 
l-July(S) 
5-June(S) 
10-July(S) 
11-Augu8t(s) 
9-September(S) 
1-October(S) 
8-June(S) 
2-July(S) 
14-Augu8t(s) 
9-September(S) 
5-0ctober(S) 
2-November(S) 
lO-June(S) 
lO-July(S) 
14-August(S) 
4-September(S) 
2-November(S) 
2-June(S) 
14-July(S) 
1-August(S) 
2-September(S) 
1-June 
9-July 
1-July 
4-April(H) 
3-June(TL) 
7-July(E,T) 
4-August(S) 
5-June(S) 
14-July(S) 
ll-August(S) 
1-July(S) 
2-August(S) 
7-June(S) 
l-July(S) 
6-August(S) 
<T> 
®One individual was captured during July with a set line from within the old lock. 
Table 1 (Continued) 
Species 
Numbers of individuals, collection dates, and method of capture for each 
locality. A-angling, E-electrofishing, F-fyke net, H-hoop net, S-seine, 
T-trap. TL-trot line, TN-trammel net 
Upper Pool 19 Lower Pool 19 Lock 19 Gatea Tailwaters of Pool 19 
Spotfin shiner 
Red shiner 
Ghost shiner 
Bullhead minnow 
Bluntnose minnow 
Channel catfish^  l-March(F) 
14-April(F,H) 
20-June(H,T) 
Blue catfish 
l-June(S) 
7-July(S) 
4-August(S) 
3-July(S) 
4-August(S) 
1-June(S) 
2-July(S) 
2-June(S) 
7-July(S) 
5-August(S) 
1-July(S) 
2-August(S) 
9-May(TL) 
4-June(S) 
10-July(S,T) 
21-August(E,S,T,TL) 
26-June 
8-July 
10-June(S,T.TL) 
11-July(E,TL) 
5-September(TL) 
l-June(TL) 
4-August(TL) 
E^ight individuals were captured during July with traps in Pool 18. 
Table 1 (Continued) 
Species 
Numbers of individuals, collection dates* and method of capture for each 
locality. A-angling, E-electrofishing, F-fyke net, H-hoop net, S-seine, 
T-trap. TL-trot line. TN-trammel net 
Upper Pool 19 Lower Pool 19 Lock 19 Gatea Tailwaters of Pool 19 
Black bullhead® 
Yellow bullhead 
Flathead catfish 
Tadpole madtom 
American eel^  
Brook silverside 
6-August(TL) 
6-June(H,T) 
1-May(TL) 
2-July(S) 
2-August(S) 
3-June(T,TL) 
5-July(S,T) 
2-August(T) 
6-July(S) 
13-August(S) 
2-November(S) 
27-August(S) 
l-September(S) 
2-June(TL) 
1-July(TL) 
4-August(TL) 
2-September(TL) 
2-July(TL) 
00 
®One individual was 
O^ne individual was 
captured during August with a set line from within the old lock, 
captured during July with a set line from within the old lock. 
Table 1 (Continued) 
Species 
White bass 
Yellow bass 
Largemouth bass 
Bluegill 
Orangespotted 
sunfish 
White crappie j 
Numbers of individuals, collection dates, and method of capture for each 
locality. A-angling, E-electrofishing, F-fyke net, H-hoop net, S-seine, 
T-trap* TL-trot line. TN-trammel net 
Upper Pool 19 Lower Pool 19 Lock 19 Gatea Tailwaters of Pool 19 
l-December(S) 
5-June(F) 
l-September(S) 
5-November(F) 
1-December(S) 
5-August(S) 
3-November(F) 
2-June(F) 
l-November(F) 
3-June(F) 
l-November(F) 
1-June(E) 
9-July(S) 
9-August(E,S) 
2-September(S) 
3-November(S) 
2-November(S) 
2-July(E,S) 
4-August(S) 
2-September(S) 
4-July(S,T) 
147-August(S) 
l-September(S) 
l-June(S) 
1-August(S) 
7-June(S) 
3-July(S) 
l-August(S) 
l-September(S) 
1-November(S) 
2-June 
7-July 
1-June 
1-July 
1-June 
2-July 
1-August 
6-June (A,S ) 
12-July(A,E,S,) 
5-August(E,S) 
l-July(S) 
7-July(A,E,S,T) 
1-August(T) 
wo individuals were captured during February with a fyke net in Pool 18. 
F^our individuals were captured during February with a fyke net in Pool 18. 
Table 1 (Continued) 
Numbers of individuals, collection dates, and method of capture for each 
locality. A-angling, E-electrofishing, F-fyke net, H-hoop net, S-seine, 
Species T-trap« TL-trot line. TN-trammel net 
Upper Pool 19 Lower Pool 19 Lock 19 Gate* Tailwaters of Pool 19 
Black crappie 1-March(F) 
3-June(F) 
2-August(S) 
5-November(F) 
7-June(S,T) 
2-July(S) 
l-August(S) 
2-July 2-July(S) 
l-August(T) 
Sauger 3-December(S) 
l-June(F) 
5-November(F,TN) 
1-June(S) 
2-September(S) 
1-June 
4-July 
8-June(S) 
4-July(A,T) 
l-August(S) 
Walleye 1-June(F) 
2-November(F) 
6-June(S) 
4-August(S) 
2-June 
5-July 
l-July(E) 
l-August(E) 
Logperch 2-July(S) 
3-August(S) 
River darter l-July(S) 
7-August(S) 
l-September(S) 
Johnny darter 1-June(S) 
2-July(S) 
Ic 
Freshwater drum 2-December(S) 
14-March(F,TN) 
l-September(S) 
3-November(F) 
6—June(S) 
3-July(S) 
10-August(E,S,TL) 
1-April 
28-June 
13-July 
2-August 
6-April(H) 
6-June(A,S,TL) 
8-July(A,E,T) 
l-August(E) 
3-September(TL) 
ree individuals were captured during February with a fyke net in Pool 18. 
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analysis since the food organisms, if presenL, were often difficult to 
identify because of digestive processes. 
Nearly all of the fish taken on trot lines were provided by a Keokuk 
fisherman. Food analysis of these fish required a knowledge of the bait 
employed so that it could be separated, when present, from any natural 
food material. 
Electrofishing by the author provided many additional fish. The 
species most commonly caught by this method were gizzard shad and mooneye. 
Water levels were an important factor in electrofishing success, the best 
results being obtained during the higher water stages. The equipment 
included a 60-cycle, 115-volt, a-c generator wh^ ch was used in conjunction 
with a variable voltage pulsator designed to provide alternating current 
up to 700 volts or pulsating direct current up to 300 volts. Insulated 
wires led from the pulsator to two copper electrodes. These were mounted, 
one each, at the ends of booms which protruded ahead of the 16-foot, flat-
bottomed, wooden boat. When pulsating direct current was used, an 
additional electrode, the positive one, was situated at the bow. The boat 
was powered by a 9,8 horsepower outboard motor but this was not normally 
operated during the actual collecting process. The boat was rowed by one 
person while the other dip-netted the fish into a tub of water. Both 
alternating current and pulsating direct current were used extensively but 
the latter appeared to give slightly better results. Due to the high 
conductivity of the water, the pulsator provided a maximum of only 200 a-c 
volts or 100 d-c volts with 2 or 3 amperes. When the electrodes were wired 
directly to the generator (without pulsator), slightly more than 100 a-c 
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volts and less than 2 amperes were obtained. The pulsator, therefore, 
provided both increased voltage and increased amperage. 
Many of the fish, particularly the smaller ones, were collected by 
the author with a 16-foot common-sense seine. Collections were made in 
various locations in Pool 19 and the tailwaters but the majority of fish 
were taken within 12 miles of the dam on the Illinois side of the river. 
Most collections were made either during the morning hours or, less commonly, 
in the evening before and after darkness. 
A few fish were obtained with collapsible wire fish traps of the type 
recommended by Dr. Kenneth D. Carlander, (Anonymous, 1954). These traps 
were constructed out of 0.5-inch mesh hardware cloth and measured 40 by 24 
by 24 inches. In addition, two 24 by 36-inch wings formed a throat with an 
inside opening of approximately 3 inches. In nearly all instances the 
traps were placed in the tailwaters immediately below old Lock 19 and 
checked each morning and evening. 
The lock gate at Keokuk provided significant numbers of fish. In 
addition, limited numbers were obtained by angling and a few were captured 
in naiad traps. 
Bailey (1956), Trautman (1957), and Hubbs and Lagler (1958) were used 
to identify the fish encountered in this study. 
Methods of Stomach Content Analysis 
As soon as possible after collection the stomachs of the larger fish 
were removed and preserved in 10 percent formalin. In the case of native 
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minnows and young of other species, an incision was made in the body cavity 
and the entire fish was placed in the preservative. 
Hoopes (1960), in his food habits study of Pool 19 fishes, used a 
slight modification of the method used by Calhoun (1944) for recording the 
data. The procedure was relatively simple but sufficiently accurate to 
adequately demonstrate the utilization of caddisflies and mayflies as fish 
food. I used Calhoun's method without Hoope's modifications. 
During the analysis, the contents of an individual stomach were placed in 
a petri dish with some water. Identification of food items was made either 
with the aid of a dissecting microscope or, in some cases, a compound 
microscope. The various foods were then sorted, and a visual estimate was 
made of the percentage of volume of each type of food. Data from each 
stomach were weighted according to the amount of food the stomach contained. 
The three degrees of fullness which were recognized are defined as 
follows: (1) stomach at least slightly distended with food; (2) stomach 
cavity one-half filled to completely filled but walls not distended; 
(3) stomach cavity less than one-half filled. In the case of catostomids 
and cyprinids, the anterior third of the digestive tract was considered the 
stomach. The degrees of fullness were defined differently as follows: 
(1) tract at least two-thirds filled; (2) tract between one-third and two-
thirds filled; (3) tract less than one-third filled. With all fish, the 
percentage of a given food in an individual stomach was then multiplied by 
an appropriate factor (1, 2, or 3, depending on whether they fell into 
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category 3, 2, or 1, respectively, as defined above). The resulting 
products were then added for all fish in a series, taking each food 
separately. The summation for an individual kind of food was then expressed 
as a percentage of the corresponding summation for all food. The weighting 
of the stomachs according to their degree of fullness provides that fish 
which have been feeding most actively will contribute more strongly to the 
final figure than those which have nearly empty stomachs. It also mini­
mizes the importance of nearly empty stomachs containing a few atypical 
organisms. 
Lengths of all fish were recorded as total lengths. Lengths of the 
larger fish were measured in inches whereas native minnows and young of 
other fish were measured in millimeters. In 1962 and 1963, the larger fish 
were also weighed whenever working conditions permitted reasonable accuracy 
of such measurements. 
Methods of Bottom Fauna Collection 
In the studies involving Hexagenia no attempt was made to distinguish 
naiads from pharate adults, Hexagenia naiads were collected for various 
reasons during the period from 1961 to 1963. Many collections were made 
for the purpose of estimating Hexagenia populations in Pool 19 anC therefore 
represented a continuation of the program initiated and developed by 
Carlson (1960 and 1963). This involved the periodic sampling of three 
transects located, one each, in the upper, middle, and lower pool. These 
were described fully in Carlson's theses. Collections were made by means 
of an Ekman dredge. The contents of each dredge were washed in a screen 
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pail (Fremling, 1961) possessing 20-mesh wire screen. After washing, the 
naiads were removed from the pail with forceps and placed in 3-inch 
sections of glass tubing capped with nylon netting and preserved in gallon 
jars containing 75 percent ethanol. The naiads collected for other 
purposes were also procured with an Ekman dredge and screen pail but were 
not transferred to glass tubing. Instead, if preservation was necessary, 
they were placed in vials containing ethanol. Naiads which were to be 
kept alive were transferred directly to large containers (plastic garbage 
cans in most instances) containing river water and four or five dredge-hauls 
of mud. 
The parasite investigations required aquisition of fingernail clams, 
Sphaerium transversum (Say). They were collected by means of an Ekman 
dredge and screen pail in the manner indicated above. Since it was necessary 
to study them in the living state, they were placed in large containers with 
river water and mud before being transported to the laboratory. 
Methods of Parasite Study 
A portion of the present study involved three species of trematodes 
of the genus Crepidostomum (Digenea: Allocreadiidae) employing Hexagenia 
naiads as the second intermediate host. The adult flukes are harbored in 
the intestinal tract of several species of fish in Pool 19 and in the 
tailwaters. 
Fish were examined as soon as possible after capture except in 
instances when they were kept alive for a period of time. The holding of 
fish in captivity for several days insured that the digestive tracts would 
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be devoid of food, thus simplifying the search for parasites. In either 
case, the use of fresh fish was important since autolytic processes 
increased the difficulty of examination. The entire intestinal tract was 
opened lengthwise, placed in physiological saline, and examined with a 
dissecting microscope. Lengths of all fish were recorded as total lengths. 
Whole mounts were made of all trematode parasites except those whose 
general morphology definitely precluded their being members of the genus 
Crepidostomum. In instances where numbers were so large as to render 
mounting inconvenient, only a fraction of the total number was mounted and 
the number of remaining individuals was estimated. Flukes were fixed in 
AFA (alcohol, formalin, and acetic acid), stained with Mayer's paracarmine, 
and mounted in Canada balsam. At times, a fast green counterstain was 
employed and was useful in defining the oral papillae. 
Experiments involving hatching of eggs required their removal from 
gravid flukes. This was accomplished either by teasing the worms apart 
with pins or allowing them to shed their eggs in distilled water under 
coverslip pressure. The eggs could be kept alive in water at room 
temperature. 
Collection methods for the Hexagenla and Sphaerium intermediate hosts 
have been discussed previously. For enumeration of encysted metacercariae, 
the Hexagenia naiads were passed through alcohol series and cleared in 
methyl salicylate. The naiads were measured from the tip of the frontal 
process to the end of the abdomen. 
Discussions of additional techniques may be found in later sections 
concerning life cycle stages. 
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FOOD HABIT INVESTIGATIONS 
Food of Individual Species 
A total of 46 species of fish were collected and identified in this 
investigation. The food habits of each are summarized below. 
Paddlefish. Polydon spathula (Walbaum) 
The previous studies on paddlefish food habits have demonstrated that 
planktonic organisms and immature insects are important food items. In 
studies by Forbes (1878, 1888a, and 1888b) and Forbes and Richardson (1920) 
all of the 13 stomachs examined contained mayfly naiads and in eight of 
these naiads comprised nearly one-half of the food. Kofoid (1900), Imms 
(1904), Stockard (1907), Hildebrand and Towers (1927), and Eddy and Simer 
(1929) all reported an almost exclusive diet of planktonic organisms 
(commonly entomostracans) for this fish. Both Wagner (1908), in a Lake 
Pepin study, and Coker (1923) credited the paddlefish with being a plankton 
feeder but added that they feed on mayfly naiads. Alexander (1915) reported 
small crustaceans and filamentous algae from the stomach of a large 
paddlefish caught in Louisiana. Five paddlefish collected in the Mississippi 
River near Keokuk had fed to a large extent on immature Insects, including 
burrowing mayfly naiads, other mayfly naiads, caddisfly larvae, and Odonata 
nymphs (Coker, 1930). Gowanlock (1933) stated that water fleas and the 
young of insects such as mayflies, dragonflies, and caddisflies make up 
the bulk of the food of paddlefish. Hoopes (1960) found Hexagenia naiads 
to compose 46 percent of the food of 64 paddlefish from Pool 19. 
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On the collecting dates of the present investigation, surprisingly 
few paddlefish were taken by commercial fishermen. As a result, only four 
stomachs were analyzed for food. Two of these fish (30.2 and 31.5 inches 
in length) were collected near Burlington on April 3. Hexagenia naiads 
comprised more than 50 percent of the stomach contents in both. Naiads of 
the mayfly Pentagenla vittigera (Walsh) were also eaten by these fish and 
a chironomid (Diptera) larva and plant remains were found in the stomach of 
one. The remaining two paddlefish were collected during July in the Pool 
19 tailwaters. The food of one (42.0 inches in length) consisted entirely 
of entomostracans, of which, about 60 percent were copepods and the remaining 
portion cladocerans. The other fish, which measured only 28.5 inches, 
contained a small amount of plant material. 
In spite of the small sample of fish, the data obtained are in 
agreement with the observations of Hoopes (1959) that Hexagenia naiads may 
be an important source of food for paddlefish during the winter, spring, 
and early summer months while cladocerans, copepods, and algae may be 
important items in the late summer and fall months. 
Shovelnose sturgeon. Scaphirhynchus platorynchus (Raftnesque) 
Little has been published on the food habits of this fish. In two 
specimens, Forbes and Richardson (1920) noted the occurrence of many 
Ceratopogon (Diptera) larvae, a small number of Hexagenia naiads, one 
dragonfly naiad, and a few caddisfly larvae of the family Phryganeidae. 
Pearse (1921) found only small numbers of caddisfly larvae and mayfly 
naiads in 12 stomachs of shovelnose sturgeon from Lake Pepin. Bamickol 
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and Starrett (1951) examined several stomachs of fish taken from the 
Mississippi River and encountered Hexagenia naiads. Hoopes (1960) found 
caddisfly larvae to be the most Important food in 74 stomachs of 
Mississippi River sturgeon. The composition of food was 68 percent 
Potamvia flava larvae, 7 percent Cheumatopsvche campyla larvae, 17 percent 
Hexagenia naiads, and 8 percent other organisms which included immatures 
of Plecoptera, Diptera, and Odonata. Hoopes (1959) suggested that the low 
utilization of Hexagenia naiads might be due to the fish feeding over 
bottoms unfavorable to these insects. The presence of varying amounts of 
sand and gravel in nearly all stomachs was cited as evidence of this. 
Unfortunately, very little additional information could be added in 
the present investigation. Only one stomach was analyzed for food, this 
from a 26,6-inch fish taken on April 3 in the Pool 19 tailwaters. The 
stomach was distended with food and contained about 95 percent Hexagenia 
naiads* Larvae of flava. C^ . campyla. and Chironomidae were present but 
of insignificant volume. Some gravel was also encountered despite the 
preponderance of mayfly food. 
Shortnose gar. Lepisosteus platostomus Rafinesque 
Although the shortnose gar is of no commercial importance, its 
abundance in the Pool 19 area makes it ecologically significant. Most 
studies on this species have shown fish to be the principal food, but other 
organisms, including insects, have been frequently encountered, Hildebrand 
and Towers (1927) found that beetle fragments composed the bulk of the 
stomach contents of 15 fish collected in Mississippi. Coker (1930) reported 
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Insects from stomachs of this species collected at Keokuk. Insects made 
up 10 to 16 percent of the food of shortnose gar from Foots Pond, Indiana 
(Lagler, Obrecht, and Harry, 1942). They found corixlds (Hemiptera) to be 
the most important insects but adults and naiads of burrowing mayflies 
were present. The only Insect food reported by Holloway (1954) was 
grasshoppers. In several other shortnose gar studies (Scott, 1938; Parker, 
1939; Potter, 1923 and 1927) insects were not present in stomach contents. 
In the present study, stomachs of 18 shortnose gars were examined for 
food. However, six of these were empty and several others were nearly so. 
Hunt (1960) pointed out that empty stomachs and small quantities of food 
are commonly encountered in food habit studies of gar and, because of this, 
suggested that gar feed at irregular intervals, consume comparatively small 
amounts of food, and digest It slowly. 
A 17.7-inch gar, taken in June off the lock gate at Keokuk, had fed 
exclusively on insects. The slightly distended stomach contained larvae 
of Hydropsvche orris (45 percent), £. campvla (20 percent), P,. flava (10 
percent), and adult Hexagenia bllineata (15 percent). Insects of other 
orders comprised the remaining 10 percent. During late July and early 
August, five gars, ranging in length from 16.7 to 23.5 inches, were taken 
on hook and line within the old lock at Keokuk. The stomach of one was 
empty but the food of the other individuals was composed almost entirely of 
insects. Included were five adult caddisflles (P. flava. _C. campvla. 
Hydropsvche orris, and Oecetis sp.) adults of Muscidae (Diptera) and of 
Coenagrionidae (Odonata), a larva of 2» flava and four Hexaeenia bllineata 
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adults. Three fish, 16.6 to 19.7 inches in length, were collected in the 
tailwaters in July and early August. Two of these contained one small fish 
each as the major food items but several insects were also present including 
adults of H. bilineata. Hydropsvche orris. £. campvla. Coleoptera, and a 
single naiad of the genus Hexagenia. Vegetation, including Spirodela and 
Lemna. comprised about 20 percent of the contents of one of these gars. The 
third fish of this group contained a single adult caddisfly and some 
unidentified material. The stomach of the smallest gar collected in this 
study (5.8 inches in length) was distended with one emerald shiner. The 
stomach of a 22.5-inch gar, taken in the tailwaters during June, contained 
crayfish remains and a £. campvla adult. Remains of vegetation were found 
in two other gars collected in midsummer. 
Of the 12 shortnose gars containing food, fish made up 27 percent of 
stomach contents, although occurring in only 3 stomachs. Insects, as a 
group, were unexpectedly important, comprising 39 percent of the food. The 
principal types were Hydropsvche orris (12 percent) and Hexagenia (13 
percent). While these results are somewhat surprising, it is probable 
that a larger sample size would yield data which conform more nearly to 
results of the studies cited above. Mayflies and caddisflles could 
nevertheless be significant items. 
Longnose gar. Letlsosteus osseus (Linnaeus) 
Studies on the food of this species have yielded results similar to 
those for the shortnose gar. By far the most Important food is fish but 
several investigators have found insects and other Invertebrates in longnose 
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gar stomachs. Coker (1930)j Bonham (1941), and Pearse (1918) mentioned 
the occurrence of Insects but failed to give further identifications. 
Both Rimsky-Korsakoff (1930) and Trembley (1930) encountered several adult 
mayflies in stomachs of longnose gar from the Lake Champlain watershed in 
New York. Lagler and Hubbs (1940) reported seven mayfly naiads from gars 
collected in various locations in southern Michigan. 
Of the nine longnose gars collected in the Pool 19 area, the stomachs 
of four were either devoid of food or possessed unidentified material in 
trace amounts. Three gars (10,7 to 26.4 inches long) had fed exclusively 
on fish. Two of the ingested fish were gizzard shad, one was a small 
cyprinid, and one was unidentifiable because of digestive processes. They 
were collected during late July and early August. 
The other two gars (19.1 and 22.0 inches in length), collected in the 
tailwaters during June, contained only insects. A damselfly naiad of the 
family Coenagrionidae was the only organism in one. The stomach of the other 
gar was distended with trichopterans—76 adults and 2 larvae. P_. flava 
adults comprised 50 percent of the volume while Hvdropsvche orris (26 
percent) and £. campyla (21 percent) were also important. The other 
caddisflies encountered included two unidentified adults, a Neureclipsis 
crepuscularis (Walker) adult, and a single larva each of H. orris and C_. 
campvla. 
The small number of stomachs examined precludes any generalizations 
regarding the food habits of longnose gar in Pool 19. However, these results, 
when considered in light of those for the shortnose gar, suggest that may­
flies and caddisflies may be significant items in the diets of these species. 
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Bowfln, Amla calva Linnaeus 
The bowfin is known for being a carnivorous species with fish making 
up an important part of the diet. In addition to crayfish, mollusks, and 
other aquatic organisms, insects are commonly encountered. In the food 
of 21 fish from Illinois, insects were commonly present although 
insignificant (Forbes and Richardson, 1920). Hildebrand and Towers (1927) 
found that bowfins less than 17.75 inches utilized mostly insects, the 
most frequent of which were water boatmen (Hemiptera), dragonfly naiads 
and whirligig beetles. Rimsky-Korsakoff (1930) found some adult insects in 
stomachs of six bowfins. In a study of 73 bowfins collected in southern 
Michigan, insects comprised 0.1 percent of the total volume of food (Lagler 
and Applegate, 1942). Mayfly naiads were encountered in a few bowfin 
stomachs examined by Forbes 0.878 and 1888a). In 131 bowfins taken in 
various localities in Michigan, Lagler and Hubbs (1940) found one Hexagenla 
naiad and 22 caddisfly larvae. 
Only two bowfins were examined for food but both had empty stomachs. 
They were taken in March from fyke nets fished in the backwaters downstream 
from Burlington. Although no information on bowfin food was obtained, the 
work of some Investigators cited above indicates that these fish would 
make limited use of the abundant mayfly and caddisfly fauna of this area. 
Gizzard shad. Dorosoma cepedianum (LeSueur) 
Although the gizzard shad is not a commercial or recreational fish it 
is very abundant in Pool 19 and provides food for the larger predatory 
species. Published food habit studies have demonstrated that this species 
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feeds largely on planktonlc organisms (e.g., Tiffany» 1921a and 1921b; 
Kutkuhn, 1958a and 1958b). The latter author reported small numbers of 
insects including Collembola, Chironomidae, and Chaoborus (Diptera). The 
food of five gizzard shad from Reelfoot Lake, Tennessee, was 10 percent 
Insect larvae (Rice, 1942). Shad from Winona Lake, Indiana, were found 
by Parks (1949) to have eaten soma insects (including mayflies) in addition 
to plankton organisms. Price (1963) reported small numbers of caddisflies 
and chironomids from Lake Erie gizzard shad. 
My data are based upon the examination of 16 shad stomachs obtained 
during July and August. They ranged in length from 2.2 to 14.9 Inches 
with the average being 9.2 inches. Collections were made from the lock 
gate and in various locations in the tailwaters and lower Pool 19. 
Stomachs of all but one were considered to be very full and the contents 
were markedly similar. Nearly 100 percent of the food consisted of 
plankton organisms, most of which were phytoplankters. Detailed 
identifications were not attempted but some of the organisms noted were 
copepods, cladocerans, desmids, diatoms, and filamentous algae. Only 
one insect (a chironomid larva) was encountered. One stomach contained 
a gastropod mollusk of the genus Phvsa. As reported by other workers, 
sand was found in many stomachs. 
Goldeve. Hiodon alosoides (Raflnesque) 
Coker (1930) found the food of 29 goldeyes, collected from the 
Mississippi River at Keokuk, to consist almost exclusively of insects 
25 
with mayfly naiads and imagoes being the most important. Immature 
Trichoptera were of lesser significance. He did not detect differences 
in food habits between fish of different ages. Bajkov (1930a), in a 
study of goldeyes from Lake Winnipeg, found Hexagenia llmbata (Servllle) 
and other Ephemerldae. Examination of 34 goldeyes from the Red Lakes of 
Minnesota indicated that the principal food organisms were larval and 
adult aquatic insects (Grosslein and Smith, 1959). Hoopes (1960) examined 
stomachs of 44 goldeyes from Pool 19 and found that Hexagenia naiads 
comprised 56 percent of the food while Potamyia flava larvae made up 19 
percent. 
In the present Investigation, goldeyes were rarely encountered and only 
2 stomachs were examined for food. The small number of goldeyes in 
comparison to Hoope's study was probably a result of emphasis on different 
collecting sites. All of the goldeyes taken by Hoopes were collected near 
Burlington. However, most of the collecting done by the author was near 
Keokuk where goldeyes are apparently less abundant. Both fish were 
collected in the tailwaters in July. The stomach of one was greatly 
distended with H. billneata subimagoes (about 99 percent) and duckweed, 
Lemna (about 1 percent). Moderate emergences of Hexagenia occurred during 
the two evenings preceding the date of collection. The other fish, taken 4 
days later, contained only remains of several adult Insects (including 
Coleoptera) and some unidentifiable material. 
Mooneye. Hlodon terglsus LeSueur 
Eight mooneye stomachs examined by Forbes (1878 and 1888a) contained 
numerous ephemerid naiads, about one-half of which were Hexagenia. Pearse 
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(1921) encountered mayfly naiads (3.3 percent) while examining nine 
stomachs from mooneyes collected in Lake Pepin, Mayfly subimagoes and 
adults made up 35 percent of the food of 24 mooneyes collected in New York 
(Sibley, 1929). Coker (1930) found mayfly naiads (including Hexagenia) to 
be important foods for mooneyes collected near Keokuk. He also reported 
caddis larvae. Bajkov (1932) stated that the main food of the mooneye in 
Manitoba during most of the summer months consists of imagoes and subimagoes 
of certain species of Ephemeridae and other aquatic insects, Hexagenia 
naiads composed nearly one-third of the volume of food of nine mooneyes 
taken from Lake Erie (Boesel, 1938). In Pool 19, Hoopes (1960) reported 
that Hexagenia naiads comprised 66 percent of the contents of 136 mooneye 
stomachs. 2» flava larvae made up an additional 17 percent. 
Of the 40 mooneye stomachs examined, 33 contained food. Eight 
mooneyes, ranging in length from 11.1 to 12.2 inches, were seined near 
Burlington on December 1. The stomachs of five were devoid of food but 
one possessed some plant remains, and one contained some unidentifiable 
material. These results suggest that mooneyes may do relatively little 
feeding in this area during winter months. However, the remaining stomach 
from this collection was distended with food, about 99 percent being 
Hexagenia naiads. Two chironomid larvae and a corixid were also found. 
Two mooneyes, devoid of food, were taken in a trammel net in Pool 18 on 
February 3. 
In two fish taken near Burlington on March 31, Hexagenia naiads were 
the most important food with adult Coleoptera and chironomid larvae 
constituting the remainder. The only mooneye taken in June was collected 
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near Keokuk. The stomach contained a small amount of unidentified material 
but adult caddisflies (Hydropsyche orris) were noted in the intestine. 
Of the 17 mooneyes collected during July, 9 were from the tailwaters 
and 8 were taken from lower Pool 19. Food habits were not markedly 
different between these areas; adults of Hexagenia bllineata made up the 
most important portion of the food with caddis adults and larvae present in 
significant amounts. P.. flava adults and larvae were the most important 
items in the three smallest mooneyes collected (3.1 to 3.9 inches in 
length). In addition to mayflies and caddisflies, the mooneyes collected 
in July had eaten Stenelmis (Coleoptera) larvae, odonates, leafhoppers 
(Homoptera), chironomids, and duckweed. 
The nine mooneyes examined in August were collected from the same 
areas as those taken in July. The reduced importance of adult mayflies in 
stomachs of these fish was probably a manifestation of fewer emergences 
during this period. The most important items in those collected above the 
dam were Hexagenia naiads and adults but Stenelmis larvae made up 35 
percent of the food of one individual. Caddisfly larvae and adults, 
especially Hydropsyche orris, comprised the most important food of the 
three fish collected in the tailwaters. 
In a single mooneye taken near Burlington in November, Hexagenia 
naiads were of primary importance. 
In the 33 stomachs containing food the most significant items were 11, 
bilineata adults (46 percent), Hexagenia naiads (20 percent), P^ , flava 
(8 percent), Hydropsyche orris (4 percent), and adult caddisfly remains (4 
remains). Cheumatopsyche campvla made up less than 2 percent of the food. 
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Various other insects comprised the bulk of the remaining stomach contents. 
In spite of differences in collecting sites, these results compare 
favorably with those of Hoopes (1960), A notable difference, however, was 
the large percentage of adult mayflies encountered in the present study. 
Bigmouth buffalo. Ictiobus cyprinellus (Valenciennes) 
The food of 17 bigmouth buffalo was reported by Forbes (1888a) and 
Forbes and Richardson (1920) to consist of about one-third algae, seeds, 
and distillery slops. Of the remaining two-thirds, nearly one-half consisted 
of entomostracans and more than one-half of aquatic insects, largely 
Chironomus (Diptera) larvae and mayfly naiads (including Hexagenia). The 
only insect food mentioned by Hildebrand and Towers (1927) was midge larvae, 
Ghaoborus (as Corethra). Moen (1954) found the food of bigmouth buffalo 
in northwest Iowa to consist principally of plankton organisms. Insect 
larvae (mostly midges) were taken frequently but seldom made up more than 
one percent of the total volume in any one collection. Trichoptera were 
also encountered but mayflies apparently were not. Studies by Johnson 
(1963) in Canada disclosed the importance of entomostracans. Chironomids 
were also significant but neither mayflies nor caddisflies were found. 
McComish (1964) studied food habits of bigmouth buffalo in Lewis and Clark 
Lake and tailwaters in South Dakota. His results were comparable to those 
cited above but mayflies of the genus Caenls were present although 
insignificant. Trichoptera were not reported by McComish, 
The eight buffalo (11.3 to 22.0 inches in length) examined from the 
Pool 19 area contributed little to a knowledge of food habits. The stomachs 
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of two, collected in November, were completely devoid of food. The fact 
that they were taken in fyke nets, checked at 3-day intervals, could be 
an explanation for this. Four were collected downstream from Burlington 
during March. One was taken from a fyke net (checked after 5 days) and 
three were captured in trammel nets set out the day before. The tracts of 
all contained only small amounts of unidentifiable organic material. 
Another buffalo, collected in June from the lock gate at Keokuk, contained 
organic material which appeared to be remains of vegetation. The anterior 
tract of a buffalo collected in lower Pool 19 during August was completely 
filled with food. Remains of gastropod mollusks (at least some of which 
were Physa) constituted almost 80 percent of the contents. Unidentifiable 
material amounted to a relatively low 15 percent while copepods and 
larvae and cases of Oecetls (Trlchoptera) composed the remainder of the 
food. 
Smallmouth buffalo. Ictiobus bubalus (Rafinesque) 
Forbes (1888a and 1888b) and Forbes and Richardson (1920) found that 
the food of this species included duckweed, mollusks, insects, and plankton 
organisms. Forbes also encountered some ephemerids as well as caddis 
larvae of the families Phryganeidae and Leptoceridae. McComish (1964) 
found that the identifiable food of the smallmouth buffalo he studied 
consisted almost entirely of zooplankton and phytoplankton. Bottom 
organisms were not important in these fish but Chironomus larvae and Caenis 
naiads were present. McCcmish added that analysis of smallmouth buffalo 
stomach samples was difficult due to the large amounts of digested material 
encountered. The only insects in a smallmouth buffalo from Lake Pepin were 
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chironomid larvae (Pearse, 1921). Hildebrand and Towers (1927) mentioned 
midge larvae as the only insect food of smallmouth buffalo collected in 
Mississippi. 
Of the 13 smallmouth buffalo examined during the course of the present 
investigation, only one was completely devoid of food. Two individuals 
(12.3 and 11.8 inches) seined near Burlington on December 1, contained 
moderate amounts of organic matter, apparently of plant origin. Quite 
similar results were obtained from three fyke- and trammel-netted fish 
(17.6 to 26.8 inches) taken in the same area during March and June. How­
ever, some items could be identified and these included cladocerans (Bosmina). 
ostracods, coleopteran remains, and filamentous algae. Seining and 
electrofishing in the tailwaters during July yielded four buffalo ranging 
in length from 9.9 to 16.7 inches. Unidentified organic matter with some 
bottom ooze comprised the greatest percentage of gut contents. Also 
present were Cheumatopsyche campyla and Potamyia flava as well as adults of 
H. bilineata. Volumes of these forms were generally insignificant although 
£. campyla larvae constituted 25 percent of the food in one instance and H. 
bllinata 15 percent in another. On October 14, three buffalo (10.3 to 15.3 
inches) were seined near Burlington, Hexagenla naiads were important in 
two fish, constituting 60 and 80 percent of the total gut contents. Several 
other kinds of insects were found in small numbers including larvae of the 
caddis genus Oecetis, 
The gut contents of the 12 smallmouth buffalo examined during the 
entire study contained 73 percent unidentifiable material (including plant 
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material and bottom ooze), 19 percent Hexagenia naiads and adults, and 3 
percent £, campyla larvae. The remainder included various other insects 
and invertebrates. 
Black buffalo. Ictiobus niger (Rafinesque) 
The black buffalo is morphologically very much like the smallmouth 
buffalo and in some waters they seem to grade into one another (Bailey and 
Allum, 1962). Food habits of the two species would likewise be expected 
to be similar. Forbes (1878, 1888a and 1888b) and Forbes and Richardson 
(1920) included vegetation, mollusks, insects, and plankton in the food of 
the black buffalo. The most important insects were chironomid larvae and 
Hexagenia naiads. Hildebrand and Towers (1927) examined 9 specimens from 
Mississippi and found them to have utilized insects such as water boatman 
and midge larvae. 
Only two black buffalo (15.3 and 19.2 inches), both collected near 
Burlington, were examined for food. One of these was taken in a fyke net 
(checked after 5 days) and contained a moderate amount of unidentifiable 
organic matter. The color of this material suggested that it may have 
resulted from digestion of the intestine itself (autolysis). The other 
black buffalo was seined near Burlington on October 14. Small Hexagenia 
naiads made up the bulk of the gut contents (about 80 percent) but 
unidentified matter and bottom ooze (19 percent) and chironomid larvae (1 
percent) were also present. 
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Qulllback-, Carplodes cvprlnus (LeSueur) 
Forbes (1888a) and Forbes and Richardson (1920) described the food of 
19 members of the genus Carplodes including £. cvprlnus. Mollusks 
(Sphaerlum) made up about one-fourth of the food while Insects, mostly 
Chlronomus. comprised about one-third. Larvae of Phryganeldae (Trlchoptera) 
were also found but were insignificant. Stomach analyses by Harlan and 
Speaker (1956) showed little difference between food habits of this and 
other species of the genus. They fed on debris In the bottom ooze, plant 
materials, and Insect larvae. 
Only three qulllbacks, ranging in length from 9.8 to 12.6 Inches, were 
examined for food. Unidentified organic matter constituted nearly the 
entire tract contents of two fish seined near Burlington. The only other 
item was a dlpteran larva of the family Ceratopogonldae. Electrofishing 
in the tailwaters during July yielded the other qulllback. The only animal 
food found was an unidentified caddlsfly larva and several chironomld 
larvae. The remainder included some vegetable remains, diatoms, sand 
grains, and much unidentified organic matter. 
River carpsucker. Carplodes carplo (Rafinesgue) 
As indicated above, this species would be expected to have food 
habits not unlike that of the qulllback. The stomachs of about 100 river 
carpsuckers from the Des Moines River, Iowa, contained 86 percent 
unidentifiable material, 12 percent plant material, and 2 percent insects 
(Harlan and Speaker, 1956). The Insect food consisted largely of bloodworms 
and caddis cases. Buchholz (1957) examined 104 river carpsuckers, also 
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from the Des Moines River. Various plant organisms were the most important 
items; immature dipterans were the most significant of the insect food 
encountered but mayflies and caddisflies were also found, although in 
small numbers. Brezner (1958) made a detailed food study of 100 river 
carpsuckers from Lake of the Ozarks, Missouri. The major microorganisms 
were desmids, cladocerans, filamentous algae, and diatoms. Of the macro-
organisms, chironomids were the most important, being found in 23 percent 
of the fish. The other insects found were ephemerids, occurring in 5 
percent of the fish. Brezner believed that the carpsucker is not a mud 
feeder or scavenger on waste and decaying organic matter but is probably 
a browser, feeding near the bottom and utilizing periphyton. He also 
commented on reports of carpsucker food which have shown that the greatest 
quantity of it is "unidentifiable material." This, he believed, is 
because many fishery biologists have not made use of the compound microscope 
and slide preparations for food determination studies. While there is 
probably much truth in Brezner's contention, the author does not believe 
that a compound microscope will solve all of the problems regarding 
unidentifiable material. This method was employed for sporadic examination 
of unidentified material from several species of fish but proved to be of 
little value. 
Ten of the 11 river carpsuckers examined contained food, the 
percentage of fullness being high in most instances. The fact that the 
only fish devoid of food was seined in December (near Burlington) is 
suggestive of reduced feeding activity at this time of year. However, 
the anterior tract of another, collected the same day, was filled. A few 
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copepods, diatoms, and sand grains were noted but nearly all of the contents 
was composed of unidentifiable organic matter. The origin of the latter 
substance was not clear but the possibility of autolysis contributing to 
it should not be ruled out. Organic matter of this nature was present 
(and significant) in only two other fish, both taken near Burlington in a 
fyke net checked after five days. In addition, they had consumed small 
numbers of entomostracans and one fish contained a large amount of bottom 
ooze. 
The other 7 carpsuckers examined were obtained during June, July, and 
August from the lock gate, the tailwaters, and the lower pool. Plant 
remains made up almost the entire gut contents in six fish while bottom 
ooze was equally important in the other. Organisms detected in these 
materials included filamentous algae, diatoms, and desmids. Animal food, 
when present, occurred in insignificant volumes. These organisms included 
copepods, cladocerans, water mites (Hydracarina), chironomid larvae and 
insect remains. 
Northern redhorse. Moxostoma macrolepidotum (LeSueur) 
The food of one M. aureolum taken near Keokuk was reported by Coker 
(1930) to include caddis larvae (Hydropsvche. 10 percent) and mayfly naiads 
(Heptagenia. 40 percent). Seven small northern redhorse from Big Sandy 
Lake, Minnesota, contained Chironomus larvae as the only insect food 
(Numberger, 1930). Rimsky-Korsakoff (1930) reported Hexaeenia and other 
ephemerid nymphs as well as caddisflies in one of two northern redhorse 
taken in New York. A small northern redhorse from Lake Erie had eaten 12 
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mayfly naiads (20 percent) and three caddis larvae according to Boesel 
(1938). Because of confusion in nomenclature, some of the above 
citations may not apply to this particular species of redhorse (Coker's 
reference is particularly doubtful). These food habit data, nevertheless, 
should not differ greatly from that expected for M. macrolepidotum. Meyer 
(1962) studied food habits of 28 northern redhorse from the Des Moines 
River, Iowa. The principal foods for fish longer than 4 inches were (in 
percent occurrence) dipteran larvae (92), mayfly naiads (58), and caddis 
larvae (35). 
The limited information obtained from the Mississippi River indicated 
that trichopterans may be important foods for this species. About 95 
percent of the food of an 11.6-inch redhorse seined near Burlington in 
December consisted of caddisfly larvae equally divided between Hvdropsvche 
orris and jP. flava. Chironomid larvae made up the remainder. The 
intestine of a 13-inch fish taken in the tailwaters during July was filled 
with II. orris larvae. Another fish was taken in a trap near Burlington 
during September. The gut contents were in poor condition but several 
chironomid larvae, a caddisfly larva (probably flava) and various 
insect remains were found. 
The smallest redhorse taken (5.5 inches in length) was seined north of 
Montrose, Iowa, during August. The small size of the fish rendered 
specific identification difficult but results will be included at this 
time. Food items included Caenis naiads, Oecetis larvae, fingernail clams 
(Sphaerium transversum), and dipteran larvae. 
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Carp. Cvprlnus carplo Linnaeus 
Many reports of carp food habits have emphasized the importance of 
Insect larvae, particularly chironomids. Mayfly adults and naiads as well 
as caddlsfly larvae were reported in carp examined by Cole (1905). 
Pearse (1918 and 1921) found small numbers of mayfly naiads and caddis 
larvae (including Leptocerus and Leptocella) in carp from various locations 
in Wisconsin. Insignificant numbers of mayflies and caddlsflies were also 
found in carp from the Finger Lakes region of New York (Eaton, 1928), 
Smallwood and Struthers (1928) observed carp in Oneida Lake swimming near 
the surface of the water in quest of mayflies. Struthers (1930 and 1932) 
reported small quantities of caddisfly immatures in carp collected in New 
York, Coker (1930) commented on a large aggregation of carp in the Pool 19 
tailwaters just below the log chute at the old lock. The following 
quotation from Coker (p. 199) is of interest: 
The cause of this remarkable aggregation of fish was fairly obvious. 
On July 13 and 14 there had occurred a great emergence of May flies, 
Hexagenia billneata. and millions were floating dead on the surface 
of the lake. At the time of the observation (May 17) an enormous and 
noisome mass of bodies of May flies, mingled with casts and with 
duckweed, had accumulated near the lock, and a steady stream of this 
matter was flowing through the chute. The carp were evidently 
snapping at the generous food supply. Nine carp were dipped up for 
examination, and although two had empty stomachs the remaining seven 
were found to contain duckweed and remains of adult May flies, 
chiefly the latter. Early the next morning, after the accumulated 
mass of May flies and weed had been forced out through the chute by 
the lockmen, both May flies and fish had disappeared. 
Many instances of similar aggregations of carp were observed during the 
course of the present investigation. Unfortunately, no collections were 
made at any time in this particular area because of the virtually incessant 
presence of fishermen. Rose and Moen (1951) and Moen (1953) found 
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ephemeropterans and trichopterans in stomachs of Iowa carp. The latter 
author observed that caddisfly larvae were more important than mayflies. 
Mayflies were present in trace amounts in carp frcwi various locations in 
Utah (Sigler, 1958). Carp from the Des Moines River had eaten relatively 
small numbers of immature mayflies and caddisflies according to Rehder 
(1959). 
Thirty of the 36 carp examined during this study contained food. The 
fish ranged in length from 3.0 to 24.7 inches with the average béing 16.0 
inches. Amount of food present did not appear to be related to collecting 
dates or methods employed. 
One fish each was taken in March and November but gut contents defied 
identification. Unidentified material was present in varying amounts in 
most of the carp examined during this study. 
Of the five carp collected during June, there were three frcm the 
tailwaters, one was taken off the lock gate, and one was collected from 
the lower pool. Those from the gate and tailwaters had eaten large 
percentages of caddisfly larvae and adults, most of which were 
Cheumatopsvche campyla. The other nuisance caddisfly species were present 
but relatively unimportant. Note should be made of high percentages of 
moHusks in two fish. The carp collected upstream had not eaten caddisflies 
but contained primarily plant remains (68 percent) and Hexagenla naiads. 
The fish collected in July were taken from the same locations as those 
in June. Various plant remains were important foods of fish from the tail-
waters. Gastropods (especially Pleurocera) were important in one while II. 
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blllneata subImagoes were significant in two others. Consumption of the 
latter item followed an upstream emergence. The three nuisance species of 
caddisflies were present but not Important. Nine carp were taken off the 
lock gate and one from within the old lock but the gut contents were 
varied and definite feeding trends were not apparent. In one carp, 
collected about 10 miles upstream from the lock, Sphaerium transversum 
remains made up about 75 percent of the food. 
Seven carp with food were collected in August. The food of four from 
the tailwaters was varied but remains of clams (including transversum) 
composed three-fourths of the food of one individual and com kernels 
(waste from a local industry) made up 84 and 99 percent of the food, 
respectively, in two carp. In the three fish collected above the dam, 
mollusks (mostly S. transversum) were very important foods. The only 
caddisflies found were Oecetis larvae. 
The stomach contents of the 30 carp examined contained about 24 percent 
unidentified material, 19 percent plants and plant remains, 13 percent 
pelecypods (mostly transversum), 9 percent com kernels (in only 2 fish), 
8 percent Hexagenia adults and naiads, 7 percent £, campvla larvae and 
adults, 5 percent gastropods, and 5 percent unidentified mollusk remains. 
Various insects made up the bulk of the remainder. 
Golden shiner. Notemigonus crysoleucas (Mitchill) 
Studies on the golden shiner have indicated that the main foods are 
various plant organisms, crustaceans, and other invertebrates. Forbes 
(1883) found insects (6 percent) in Illinois golden shiners but nearly all 
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were terrestrial. Hankinson, Needham, and Davis (1908), Ewers (1933), 
Ewers and Boesel (1935), Rice (1942) and Hunt and Carbine (1951) all 
studied golden shiner food but none reported mayflies or caddisflies among 
the contents. It is quite possible that some of these insects were 
encountered in one or more of the above studies but, for reasons of brevity, 
were not listed. Insects comprised 97 percent of the food of six golden 
shiners from Oneida Lake with caddis larvae (mostly Leptocalla) 
predominating (Baker, 1916). Pearse (1918) found mayfly naiads to constitute 
only 0.3 percent of the food of 57 shiners from Wisconsin. Mayfly nymphs 
were also reported in golden shiners studied by Rimsky-Korsakoff (1930). 
The golden shiner is evidently rare in Pool 19 and only two were 
collected. One which was seined in June a short distance upstream from the 
dam contained eggs and unidentifiable material. The other shiner, seined 
during July near Montrose, Iowa, contained cladocerans, chironomid larvae 
and arthropod remains. Although no mayflies or caddisflies were noted, 
some of the above citations indicate that these insects would be utilized 
to some extent-.. 
Silver chub. Hvbopsis storeriana (Kirtland) 
Boesel (1938) examined 11 silver chubs from Lake Erie and found 
corixids to be the most important items by volume. Also present were 
''.ttxagenia naiads (4.2 percent) and immature caddisflies (6.5 percent). 
Silver chubs were quite abundant in Pool 19 and 34 specimens containing 
food were obtained. The largest fish taken was 5.8 inches in length. All 
were collected by seining and most were taken either on the Iowa shore of 
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Pool 19 near Montrose, or downstream along the Illinois side. It is 
Interesting to note that this species was not collected in the tailwaters. 
The combined percentages for food items of all silver chubs are as 
follows: Hexagenia naiads and adults (26 percent), Oecetis larvae (23 
percent), unidentified material (23 percent), chironomid larvae (7 percent), 
plant material (4 percent), Hydropsyche orris (2 percent). A single £, 
campyla larva was among the remaining iteuis. Although these results 
demonstrate the importance of mayflies and caddisflies in silver chub 
diets, most of the latter, belonging to the genus Oecetis. were not 
nuisance species. 
All chubs but one were taken during the months of June, July, August, 
and September. The only apparent seasonal feeding trend was a reduction in 
caddisfly consumption during September with a corresponding increase in 
immature chironomids. 
Emerald shiner. Notropis atherinoides Rafinesque 
Several authors have reported insects among the foods of the emerald 
shiner. Forbes (1883) and Forbes and Richardson (1920) noted caddisfly 
larvae and mayfly naiads among the insect food of emerald shiners in 
Illinois. Pearse (1921) and Rimsky-Korsakoff (1930) also listed insect 
food for emerald shiners but not mayflies nor caddisflies. Sibley (1929) 
considered the emerald shiner to be mainly a plankton-feeding species but 
found Heptagenia among the intestinal contents. Coker (1930) examined 
eight emerald shiners from the Mississippi River and found mayfly fragments 
in two fish and a single adult caddis (Leptocella) in one. Ewers (1933) 
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found the principal food of emerald shiners in Lake Erie to be entomostracans 
although mayflies were present in small numbers. 
Emerald shiners are very abundant in Pool 19 and a total of 69, all 
containing food, were examined. They were taken from the lock gate, the 
lower pool, and the tailwaters and nearly all were captured by seining. 
Those from above the dam were taken on both the Iowa and Illinois shores 
upstream as far as the seining site north of Montrose. Some fish were 
collected in each of the six months from June to November. 
The gut contents of the 69 fish examined consisted of 30 percent 
entomostracans (mostly Cladocera), 11 percent unidentified material, 10 per­
cent plant remains and plants (including diatoms, filamentous algae, and 
desmids), 9 percent Hexagenia naiads and adults, 8 percent adult Hymenoptera, 
7 percent miscellaneous insects and insect remains, 6 percent miscellaneous 
unidentified caddisflies, 5 percent unidentified dipterans, and 4 percent 
Hvdropsvche orris. Included in the remainder were _C. campvla. Potamyia 
flava. Oecetis. chironomids, and various coleopterans. This species, there­
fore, appears to rely principally on entomostracans and various kinds of 
insects. Food habit differences between those captured above and those 
captured below the dam were generally not great. The difference of most 
significance was a seemingly greater consumption of lî. orris in the latter 
area. 
Spottail shiner* Notropis hudsonius (Clinton) 
Forbes (1888b and 1883) and Forbes and Richardson (1920) found mayflies 
(including Hexagenia) to be among the food items of spottail shiners. 
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Pearse (1921) found caddis larvae and cases In spottall shiners but did 
not list mayflies. Clemens, Dymond, Blgelow, Adamstone, and Harkness 
(1923) examined twelve individuals from Lake Nipigon and listed one mayfly 
naiad and one subimago among the food items, Sibley (1929) and Rimsky-
Korsakoff (1930) did not report mayflies or caddisflies in the food of 
shiners which they examined. However, Adams and Hankinson (1928) mentioned 
that 381 spottails in Oneida Lake had fed extensively on adult mayflies. 
In Lake Erie, 110 spottall shiners had consumed mayflies (2.6 percent), 
mayfly eggs (1.3 percent), and Trichoptera larvae (6.8 percent) according 
to Boesel (1938). Hunt and Carbine (1951), in a Michigan study, mentioned 
that spottall shiners had fed extensively on chironomids but they made no 
reference to mayflies or caddisflies. McCann (1959) indicated that 
Trichoptera larvae were Important in the food of spottail shiners of Clear 
Lake, Iowa. In Lake Erie, 1,951 spottail shiners were reported by Price 
(1963) to have consumed 4.7 percent caddisflies, 6 percent mayflies 
(including Hexagenia). and 30.9 percent sphaeriids (Pelecypoda). In a 
study cf spottail shiners from Lower Red Lake, Minnesota, Smith and Kramer 
(1964) found both mayflies and caddisflies (Leptoceridae and Hydropsychidac) 
in stomach contents. They added that the leptocerids made up 74 percent of 
the trichopteran food and were evidently utilized in approximate proportion 
to their abundance. 
In the present study, 41 _N. hudsonius were examined for food but 8 
were empty and 7 possessed only unidentifiable material. All fish were 
collected by seining during June, July, August, September, and November. 
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Three were taken In the tallwaters but the remainder came from the lower 
pool as far upstream as the Montrose seining site. 
The intestinal contents of these fish consisted of nearly 22 percent 
unidentified material, 13 percent miscellaneous insects and insect remains, 
9 percent Hexagenia naiads and adults, 8 percent plant material, 8 percent 
chironomld adults and larvae, 6 percent unidentified dipterans, 6 percent 
clam remains (at least most were _S. transversum). and 6 percent £. campvla. 
Mayfly eggs, annelids, and various entomostracans made up the bulk of the 
remainder. 
River shiner. Notropis blennius (Girard) 
Forbes and Richardson (1920) stated that the food of this species 
consists of a mixture of aquatic insects, crustaceans, and chance 
vegetation. Pearse (1921) examined 10 river shiners but did not list 
mayflies or caddlsflles among the food items. These insects were not 
encountered in nine Lake of the Woods shiners examined by Carlander (1944). 
However, Coker (1930) reported mayfly fragments in 2 of 6 river shiners 
from the Mississippi River at Keokuk. 
River shiners were fairly common in the Pool 19 area and 32 individuals 
containing food were examined. Thirteen were collected in the tallwaters 
while the remainder were taken above the dam in the same areas which yielded 
the spottall shiners. Collections were made from June through September. 
The intestinal contents of all fish examined consisted of 18 percent 
unidentified material, 14 percent unidentified caddisfly remains, 12 percent 
unidentified Insect remains, 9 percent chlronomlds, 7 percent £. campvla. 7 
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percent sand grains, 5 percent H. bilineata adults, 5 percent cladocerans, 
4 percent Hydropsvche orris. and 4 percent Oecetis. Most of the remainder 
consisted of plant material and miscellaneous insects. It is significant 
that about 29 percent of the food consisted of trichopterans. Although the 
total for the nuisance caddisflies was only 11 percent, it is not 
unreasonable to assume that these species comprised a large proportion of 
the unidentified trichopterans listed above. Mayflies do not appear to be 
important in the river shiner diet. The Hexagenia adults indicated above 
were found in only two fish. The only other representative of Ephemeroptera 
was a baetid naiad. 
Some differences in food habits according to locality were evident. 
Most notable was the fact that the tailwaters-inhabiting shiners consumed 
many more caddisflies than did those from above the dam. Individuals from 
the latter site had eaten only Oecetis larvae (the entire 4 percent 
indicated above). Another difference was the greater consumption of 
chironomids by the fish taken above the dam. 
Spotfin shiner. Notropis spilopterus (Cope) 
Forbes and Richardson (1920) found that the food of 33 Notropis 
whipplii consisted of two-thirds insects, nearly half of which were 
terrestrial. This species was reported by Forbes (1888b) to have eaten 
mayfly naiads. It should be noted that N. whipplii of Forbes probably 
included individuals of the closely related spilopterus, Starrett 
(1950) found mayfly naiads and caddis larvae to be significant in the 
summer food of spotfin shiners in the Des Moines River, Iowa. 
45 
Apparently, these fish are not abundant in Pool 19 and only 12 
specimens were examined for food. All fish were captured by seining and 
were collected from only two locations in the lower pool—on the Iowa 
side north of Montrose and on the Illinois shore about 10 miles upstream 
from the dam. One fish was collected in June and the others during July 
and August. 
Major foods for the 12 spotfin shiners are as follows: 29 percent 
unidentified material, 20 percent chironomids (mostly larvae), 12 percent 
cladocerans, 11 percent plant material, 8 percent Hexagenia. 7 percent 
unidentified insect remains, and 7 percent Coenagrionidae (Odonata). 
From this small sample of fish it is apparent that insects, especially 
chironomids, are important in diets of spotfin shiners of this area. The 
nuisance species of mayflies and caddisflies were seemingly unimportant; 
the Hexagenia were found in only one fish and the trichopterans which 
totaled only 4 percent, were consumed by three fish. 
Red shiner. Notropis lutrensis (Baird and Girard) 
The only account of red shiner food habits which was found involved 
a study by Doesken (1960) in the Vermillion River, South Dakota. He 
examined 53 individuals and found that the main food was entomostracans. 
Chironomid larvae and pupae (17.8 percent) were the most Important 
insects but no caddisflies or mayflies were encountered. 
This species was uncommon in Pool 19 and only seven specimens were 
seined, all during July and August. They were collected above the dam along 
both shores, and as far upstream as the seining site north of Montrose. 
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Analysis of gut contents revealed that insects were very important in 
the diets of these fish. Immature and adult chironomids were eaten by 
four fish. Other insects were adult H. bilineata remains, an Oecetis 
larva, a coenagrionid naiad, and remains of an unidentified naiad. The 
presence of sand grains in two shiners is suggestive of a previous 
consumption of Oecetis larval cases. The only organisms other than Insects 
were cladocerans (mostly or entirely Bosmina); these were consumed by only 
one fish. 
Ghost shiner. Notropls buchananl Meek 
No references to ghost shiner food habits were found. This species is 
apparently rare in Pool 19 since only three individuals were collected. 
One was seined in June north of Montrose. This fish contained a single 
ceratopogonid larva. The remaining two fish were seined during July on the 
Illinois side about 10 miles upstream from the dam. One contained remains 
of an adult caddis [quite possibly Cvrnellus marginalis (Banks)] and about 
a dozen amphipods, Hvalella azteca (Saussure). The other fish had eaten 
an Oecetis larva and case, a chironomid larva and insect eggs (perhaps of 
Hexagenia). 
Bullhead minnow. Pimephales vleilax (Baird and Girard) 
Starrett (1950) found mayfly naiads and caddis larvae to be significant 
foods of bullhead minnows in the Des Moines River, Iowa. This was 
especially true in April and May when mayflies made up 23 percent of the 
volume and caddisflies 17 percent. 
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The food habit data in the present study are based on the examination 
of 14 bullhead minnows taken in June, July, and August. All were seined 
in various areas above the dam as far upstream as the Montrose collecting 
site. 
The largest proportion of the gut contents was unidentified material 
(55 percent). Other items included chironomid larvae (13 percent), plant 
material (11 percent), Oecetis larvae and cases (11 percent), unidentified 
insect remains (6 percent), and 4 percent pelecypods (probably all 
transversum). The only other organisms were copepods and unidentified 
dipterans. The absence of nuisance mayflies and caddisflies in the food of 
these fish is attributed to the small sample size and, perhaps, the time of 
collection. Starrett's results indicate that the bullhead minnows of Pool 
19 would make significant use of mayflies and caddisflies. 
Bluntnose minnow. Pimephales notatus (Raflnesque) 
In the Des Moines River, bluntnose minnows did not utilize mayflies 
and caddisflies to the extent that bullhead minnows did although both groups 
of insects were found (Starrett, 1950). They were largely feeders on 
bottom ooze. Studies by Ewers and Boesel (1935) and Hunt and Carbine (1951) 
revealed a very limited utilization of insects by this species. Hankinson, 
et al. (1908) and Kraatz (1928) found midges to be the most important 
insect food. Mayflies were not reported in either of these studies but 
Kraatz listed caddis larvae from three specimens. Sibley and Rimsky-
Korsakoff (1931) also reported caddisflies from bluntnose minnows but gave 
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no indication of importance. Pearse (1918) and Rimsky-Korsakoff (1930) 
found insects in bluntnose minnow diets but did not encounter mayflies or 
caddisflies. 
Bluntnose minnows were apparently rare in Pool 19 and only three 
individuals were examined for food. Two were seined north of Montrose and 
the other was taken on the Illinois shore about 12 miles upstream from the 
dam. They were collected during July and August. 
The ford organisms encountered were chironomid larvae, cladocerans 
(including Bosmina)« copepods (Cyclopidae), plant remains, filamentous 
algae, and eggs from an unknown source. Although the absence of mayflies 
or caddisflies could be attributed to sample size, the above citations 
suggest that bluntnose minnows do not utilize these insects to an important 
degree, 
Channel catfish. Ictalurus punctatus (Rafinesque) 
Forbes and Richardson (1920) summarized the food habits of 43 channel 
catfish taken from the Illinois and Mississippi Rivers during the spring, 
summer, and autumn. This information was also presented in previous 
publications (Forbes, 1878, 1888a, and 1888b). Most of the aquatic insects 
consumed were larvae of mayflies, dragonflies, and Diptera, Hexagenla 
naiads (3 percent) were among the mayflies encountered. Trichopterans 
(Phryganeidae and Leptoceridae) were also found but in insignificant 
quantities. McAtee and Weed (1915) cited a catfish taken in the Potomac 
River, Maryland, as having fed mostly on Hexagenla bilineata adults. Shira 
(1917) found mayfly naiads to be quite important in young channel catfish 
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in Iowa but caddisflies were insignificant. Pearse (1921) found mayfly 
naiads to comprise about 12 percent of the food of 12 channel catfish in 
Lake Pepin. Leptocella and Leptocerus larvae were the only Trichoptera he 
reported from these fish. Sibley (1929) examined six catfish from New York 
but did not find mayflies or caddisflies. The same was true in a Buckeye 
Lake» Ohio, study by Ewers and Boesel (1935). Boesel (1938) found 
Ephoron. Hexagenia. and Caenis to compose nearly 7 percent of the volume 
of food in Lake Erie catfish. Also, in this study, caddisfly larvae 
made up nearly 3 percent of the contents. In Reelfoot Lake, Tennessee, 
Trichoptera larvae and cases were the most important food items of channel 
catfish (McCormick, 1940). Caddisfly larvae and cases were significant 
foods of catfish in Reelfoot Lake according to Rice (1941). Dill (1944) 
found that caddisfly larvae were major food items for catfish of the lower 
Colorado River but mayfly naiads were of lesser importance. Bailey and 
Harrison (1948) studied the food habits of the channel catfish in the Des 
Moines River and found that Ephemeroptera were second in importance among 
the four orders of insects contributing heavily to the food. Although the 
most commonly consumed mayflies were Potamanthus. Pentagenia. and Heptagenia. 
naiads of Hexagenia were also listed. Mayflies were utilized mostly by 
yearling and two-year-old fish. Trichopterans made up only 8 percent of 
the aquatic insects eaten by the young channel catfish, but comprised 72 
percent of those taken by fish 12 inches or longer. The dominant caddisfly 
was Hydropsvche sp. In Tenkiller and Fort Gibson reservoirs of Oklahoma, 
Clemens (1954) found Hexagenia naiads to be major food items of channel 
catfish. Trichopterans were of minor importance in the food of the Fort 
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Gibson catfish. Darnell (1958) examined channel catfish from Lake 
Pontchartrain but failed to find mayflies or caddisflies in 13 stomachs 
containing food. Hoopes (1960) found that the stomach contents of 143 
channel catfish from Pool 19 contained 68 percent Hexagenia naiads and 
subImagoes and 3 percent Potamyla flava larvae. He also reported larvae 
of Cheumatopsyche campyla and Hydropsyche orris. Mayfly subimagoes 
appeared only in channel catfish stomachs collected between June 24 and 
July 16 and their presence always coincided with periods of peak mayfly emer­
gence. Price (1963) reported on the food of 822 channel catfish frcsn Lake 
Erie. Mayflies (Hexagenia) made up 18.6 percent by volume of the food 
while caddisflies contributed 7.3 percent. 
The food habit data in the present study are based upon examination of 
89 stomachs containing food. A high proportion of stomachs (31) were devoid 
of food but this is not indicative of feeding patterns since nearly two-
thirds of these were from fish captured in traps, fyke nets, or hoop nets. 
For the purposes of this discussion, the catfish were considered to be 
collected in four major areas: (1) upper Pool 19 downstream from 
Burlington; (2) lower Pool 19 from the dam upstream to north of Montrose; 
(3) the lock gate at Keokuk; (4) the tailwaters of Pool 19. The 
Burlington site yielded 13 fish with food. These fish ranged from 12.7 to 
16.8 Inches in length and were collected in April and June, mostly in 
basket traps. The proportions of nuisance insects were as follows: 26 
percent Hexagenia naiads, 18 percent 2* flava. 4 percent Hydropsyche orris. 
and 2 percent £. campyla. 
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Stomachs of 27 fish taken from the lower pool were examined. They 
were collected from May through August and mostly with trot lines or seine. 
The range in size was 2.4 to 22.3 inches with the average being 12.5 inches. 
The data from this area were notably different in srane respects from those 
above. Hexagenia naiads comprised 44 percent of the food while adults of 
this genus contributed 2 percent. The contributions of Hvdropsvche orris 
and £. campyla were not greatly different from above but flava was an 
insignificant item (less than one percent). The food of the smallest 
individuals was not evidently different from that of the larger catfish. 
The lock gate yielded 27 fish ranging in length from 6 to 14.5 inches 
and averaging 9.1 inches. All were taken in June and July. It is believed 
that the majority of fish taken off the gate were moving upstream at time 
of capture. The deduction that the food of these fish would be somewhat 
similar to that of tailwaters-caught fish is supported by data obtained 
from the two areas. The proportion of Hexagenia naiads was not large (8 
percent) but II. bilineata adults made up 23 percent of the food. As 
expected, the presence of these insects coincided with significant emergences. 
The nuisance species of caddisflies were also important as the following 
figures indicate: Hvdropsvche orris (21 percent), jP. flava (10 percent), 
and £. campyla (10 percent). An additional 13 percent consisted largely of 
adult caddis remains which could not be identified to species. 
Twenty-two fish were obtained from the tailwaters during the months of 
June, July, and September. The majority were captured with trot lines. 
They ranged in length from 5.6 to 23.2 Inches and averaged 13.3 inches. 
Mayfly naiads and adults were not as important as food in this area, the 
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percentages being about 3 and 8 respectively. 2* flava made up less than 
4 percent of the food but H, orris and C_. campyla comprised 13 and 10 
percent respectively. The comparatively low percentage for 2» flava 
suggests that this species may be less abundant in this area than near 
Burlington. 
When data for all 89 stomachs are combined, the resulting figures reveal 
some significant differences from Hoopes' (1960) conclusions. Hexagenia 
naiads and adults made up about 32 percent of the food as compared with the 
68 percent figure given by Hoopes. However, immature and adult caddisflies 
proved to be far more important in the present study with Hvdropsvche orris 
accounting for 11 percent, JP. flava 6 percent, and C_. campyla 5 percent. 
An additional 7 percent was made up mostly of unidentifiable remains of 
adults as well as a few miscellaneous non-nuisance species. If the 
reasonable assumption is made that most of this proportion consisted of 
nuisance species, the combined percentage for these forms would be close to 
29. Hoopes encountered all of the nuisance species but even the most 
abundant, flava. comprised only 3 percent. The discrepancies in the 
results of the two studies are believed to be due to differences in 
collecting sites. The majority of Hoopes' catfish were collected above the 
dam in lower Pool 19, This area supports large populations of Hexagenia 
but relatively few nuisance caddisflies (Carlson, 1963), Further, he 
collected only 11 fish from the lock gate and none from the tailwaters. 
Another Interesting difference was the large number of adult caddisflies 
encountered in the present study. The only adult trlchopterans reported by 
Hoopes were Hvdropsvche orris from six stomachs. 
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In addition to the nuisance species, the only other caddisflies found 
in appreciable quantities were Oecetls larvae (2 percent). The non-nuisance 
mayflies found included Ephoron. Heptagenia. and Pentagenia. Chironomlds 
were present in many stomachs but constituted less than 3 percent of the 
total volume. Six other orders of insects were represented as well as 
various invertebrates, and plant material. About 6 percent of the food 
consisted of fish and fish remains, among which, freshwater drum and minnows 
of the genus Notropis were recognized. 
Blue catfish. Ictalurus furcatus (LeSueur) 
There are relatively few published accounts of blue catfish food. 
Harlan and Speaker (1956) gave a general statement saying that they are 
omnivorous and live principally upon insects and their larvae, crayfish, 
worms, frogs, small fresh-water mussels, fish, and a host of other living 
and dead material. Forbes and Richardson (1920) cite a fish with 50 
percent insect fragments and larvae. The food of one catfish examined by 
Hildebrand and Towers (1927) was composed partially of insects. Gunter 
(1945) examined four fish from Texas but did not find insects among the 
food. Darnell (1958) examined 69 stomachs containing food from catfish 
of Lake Pontchartrain. Six orders of insects were represented but mayflies 
and caddisflies were not among them. In another Louisiana study, Lambou 
(1961) failed to find insects of any kind in 20 stomachs. Brown and Dendy 
(1961) found that immature mayflies were the primary invertebrate food of 
blue catfish in the Tombigbee River, Alabama. Also, immature mayflies were 
important in stomachs of seven blue catfish from the Alabama River. 
54 
Blue catfish are seldom, If ever, caught above dam 19 but are 
occasionally taken In the tallwaters by commercial fishermen. A few were 
obtained In the present study but all except one were examined exclusively 
for parasites. The single stomach analysed was from a 22.6-lnch fish 
captured In the tallwaters during June with a trot line. The stomach was 
distended and the bulk of the contents consisted of fish remains, Including 
large scales. The large size of the scales suggested Ingestion while 
scavenging. The remainder of the contents was made up of plant remains, 
seven Ç., campvia larvae and a single hydropsychid caddlsfly pupa. These 
data suggest a significant utilization of caddisflies by blue catfish and, 
in addition, the work of Brown and Dendy indicate that the same may be 
true of mayflies. 
Black bullhead. Ictalurus melas (Raflnesque) 
Pearse (1918) encountered insignificant numbers of caddlsfly larvae 
in black bullheads from Wisconsin. In another Wisconsin study, Pearse 
(1921) found both mayfly naiads and caddis larvae in stomachs of this 
species but total volumes were again insignificant. The Insect food of 27 
small black bullheads examined by Ewers and Boesel (1935) consisted of 
chironomids. Forney (1955) listed mayflies and caddisflies as comprising 
a minor portion of the food of black bullheads of Clear Lake, Iowa. 
Kutkuhn (1955) examined 307 black bullheads from Iowa and found Hexagenia 
naiads to make up nearly 5 percent of the food by volume. Trichopterans 
were also present but less Important, Hoopes (1960) found that Hexagenia 
naiads comprised 90 percent of the stomach contents of three black bull­
heads from Pool 19. 
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Unfortunately, the present study provided no additional information 
on the food of this species. The only stomach checked for food was empty. 
This fish was collected in August on hook and line from within old lock 
19. 
Yellow bullhead. Ictalurus natalis (LeSueur) 
Mayfly larvae were found in stomachs of four yellow bullheads by 
Hankinson et al. (1908). Forbes (1888a) and Forbes and Richardson (1920) 
reported Hexagenia naiads from four of 12 yellow bullheads examined. Baker 
(1916) reported Hexagenia naiads from one yellow bullhead from Oneida 
Lake. Mayfly naiads made up 10 percent of the food of two yellow bullheads 
examined by Pearse (1922). In another study, Pearse (1921) did not find 
mayflies or caddisflies in 10 individuals. Rice (1941) examined stomachs 
of 100 yellow bullheads from Reelfoot Lake and found caddis larvae and 
cases to constitute 10 percent of the food. Both mayflies and caddisflies 
were present but unimportant in yellow bullheads of Third Sister Lake, 
Michigan (Ball, 1948). The food of four yellow bullheads from Winona 
Lake, Indiana, included mayflies (2.9 percent) but no caddisflies (Parks, 
1949). 
In the present investigation, stomachs of two yellow bullheads were 
examined for food. Both were collected above Dam 19. A 10.2-inch fish, 
taken on a trot line in May, contained a single large crayfish. This fish 
had probably ingested the bait employed in the fishing operation. The 
stomach of a 7-inch fish, seined in the same area during July, held plant 
remains, fish remains, insects, and a crayfish (Cambarinae). The insect 
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food Included Diptera larvae (one a ceratopogonld), remains of an adult 
caddisfly and remains of a leafhopper. Although mayflies were not present 
in either stomach, the literature cited indicates that these would be 
utilized to some extent. 
Flathead catfish. Pylodictis olivaris (Rafinesque) 
Forbes (1888a) examined 2 flathead catfish from Illinois but did not 
find insects. Clemens (1954) found midges and burrowing mayflies in three 
flathead catfish from the Tenkiller Reservoir in Oklahoma. Minckley and 
Deacon (1959) examined stomachs of flathead catfish from the Big Blue and 
Neosho Rivers in Kansas. In both waters, fish less than 4.0 inches (total 
length) contained principally (in order of importance) nymphs and larvae 
of Ephemeroptera, Trichoptera, and Diptera. The principle taxons of may­
flies were Baetidae and Heptageniidae but Hexagenia. Pentagenia. 
Ephemerella and other genera were also listed. The principle genera of 
caddisflies were Hydropsyche and Cheumatopsyche. In the Big Blue River, 
insects were not important in stomachs of fish over 4 inches in length. In 
the Neosho River, mayflies were the most important single items (39 percent) 
in fish from 4.1 to 10.0 inches long. Caddisflies made up 13 percent of the 
food of this size group. Both orders were much less important in flathead 
catfish longer than 10 inches. Hoopes (1959) found Hexagenia naiads in two 
stomachs of flathead catfish from the Pool 19 tailwaters. One of these 
also held a single _C. campyla larva. Brown and Dendy (1961) examined flat-
head catfish from Alabama. In 22 stomachs, chironomids were the principle 
invertebrates but trichopterans were also listed. 
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One-half of the stomachs of 18 flathead catfish collected in the Pool 
19 area contained food. The resulting data are in agreement with published 
reports in the respect that insects are important foods of young individuals 
but fish become increasingly significant in older flatheads. Four fish 
were collected in Pool 19 which ranged in length from 1.7 to 5.0 Inches. 
Three of these were captured near the lock in naiad traps during June and 
July, All had distended stomachs with Hexagenia naiads being the principal 
food in two. A Stenonema (Ephemeroptera) naiad made up the bulk of the 
contents of the other stomach. The remainder of the contents of these 
stomachs consisted of two heptageniids (Ephemeroptera) and three adult 
caddisflies, two of which were Hydropsyche orris. The fourth small flathead 
catfish was taken during June in a basket trap near Burlington, At the time 
of capture its oral cavity was filled with channel catfish eggs which had 
previously been deposited within the trap, A stonefly nymph fPerlesta placida 
(Hagen)] and a chironomid larva were present in the stomach. 
An 8-inch flathead catfish was collected during July in a trap in lower 
Pool 19, Remains of an ictalurid fish contributed about 70 percent of the 
stomach contents while five Hexagenia naiads and a single chironomid larva 
made up the remainder, A 14,5-inch fish, collected in the same month and 
in the same locality, had consumed a young carp, 10 Hexagenia naiads and 
some plant material. Remains of a small ictalurid were found in the stomach 
of a 16.6-inch fish collected near Burlington in June. 
Two large flathead catfish (30.6 and 36,0 inches in length) were taken 
in the tailwaters. These apparently had been feeding on fish although there 
were some doubts concerning the identification of stomach contents. In 
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addition, one contained large fish scales which were evidently ingested as 
single isolated scales. 
Tadpole madtorn. Noturus evrinus (Mitchill) 
Forbes (1888a and 1888b) and Forbes and Richardson (1920) reported 
mayfly naiads (10 percent) and caddis larvae (2 percent) in the food of 
tadpole madtoms, Hankinson et al. (1908) reported the principal food of 
one tadpole madtom to be insects. Pearse (1918) examined 55 tadpole 
madtoms and found mayfly naiads to compose 18.7 percent of the food. 
Caddis larvae were also eaten but in minor quantities. In another study 
by Pearse (1921), mayfly naiads made up 27.5 percent of the food of four 
madtoms from Lake Pepin. Insects comprised 15 percent of the food of 
33 madtoms from Buckeye Lake, Ohio (Ewers and Boesel, 1935). These insects 
were mostly chironomids but mayfly naiads were also encountered. 
The food habits of tadpole madtoms in Pool 19 is based upon 
examination of six individuals seined in July, August, and November. All 
were taken in lower Pool 19 either near Montrose or along the Illinois 
shore. Various immature insects comprised the bulk of the food. All 
stomachs contained Diptera larvae and pupae, most of which were chironomids. 
Other dipterans encountered were larvae of Ceratopogonidae, Psychodidae, 
Tipulidae, and Muscidae. The only caddisfly present was an Oecetis larva. 
The absence of nuisance trichopterans can be attributed at least in part 
to this species' preference for quiet waters with muddy bottoms. One 
Hexagenia naiad each was found in two stomachs. Remains of two other 
mayfly naiads could not be identified. Because of habitat requirements. 
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it is not unreasonable to assume that a large sample of madtoms would 
reveal an important food role for Hexagenia naiads• Other insect foods 
identified were stonefly naiads (Allocapaia). a coenagrionid naiad, and 
a dytiscid (Coleoptera) larva. Crustacean foods were significant in 
most stomachs; these included amphipods (Hvalella azteca). ostracods, 
copepods, and isopods (Asellus). Unidentified pelecypod remains were 
important in one stomach. 
American eel. Anguilla rostrata (LeSueur) 
The principal food of 17 eels collected in New York was fish according 
to Rimsky-Korsakoff (1930)« They had also consumed midge larvae but not 
mayflies or caddisflies. Bishop (1936) reported on the food of 20 eels 
from the Delaware River in New York. Mayfly adults and naiads comprised 54 
percent of the food but no caddisflies were present. Hoopes (1959) found 
three bivalve mollusks plus a large number of Hexagenia naiads in the 
stomach of a large eel collected in Pool 19. 
Eels were rare in Pool 19 and stomachs of only two were examined for 
food. A 26,6-inch individual was captured with a trot line in the tailwaters. 
The stomach contained two crayfish but it is highly probable that one or 
both were ingested bait. A 10.6-inch eel was taken on hook and line from 
within the old lock. The only food item in the stomach was an unidentified 
heptageniid naiad. 
Brook sllverside. Labidesthes sicculus (Cope) 
Forbes (1883)and Forbes and Richardson (1920) reported on the food of 
25 brook silversides from different localities. Entomostraca and chironomid 
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larvae were important but no mayflies or caddlsflies were encountered. 
Pearse (1915 and 1918) did not report the occurrence of mayflies in brook 
silversides examined in his investigations. However, in the former publi­
cation he listed adult caddisflies as comprising from 10 to 20 percent 
of the food of these fish. Caddis larvae and mayfly naiads were minor 
items in the food of brook silversides collected in Winona Lake, Indiana 
(DeRyke, 1922), Several other authors (Sibley, 1929; Ewers and Boesel, 
1935; Boesel, 1938; and Rice, 1942) did not indicate the occurrence of 
mayflies or caddlsflies in brook silversides examined in their studies. 
This species was quite common in Pool 19 and 28 individuals were 
obtained for food analysis. All were seined in the lower pool either near 
Montrose or farther downstream on the Illinois shore. Chironomids, two-
thirds of which were larvae and pupae, made up about 62 percent of the 
total volume of food, Cladocerans and copepods were Important and 
contributed 9 and 5 percent respectively. Except for amphipods and water 
mites, the remainder consisted of Insects, almost all of which were adults. 
The high proportion of adults consumed is in accord with the contention that 
this species, to a large extent, is a surface feeder. The insect orders 
represented were Thysanoptera, Homoptera (aphids), Hemiptera, Hymenoptera 
(including Formicidae), Coleoptera, and Trichoptera, The latter order 
accounted for over 11 percent of the food but a single Potamvia flava adult 
was the only nuisance trichopteran encountered. Other caddlsflies 
encountered were Ochrotrichla sp,, Cvmellufl marginalls, and Hvdroptila 
waubesiana Betten. These results strongly suggest that nuisance mayflies 
and caddlsflies are unimportant in the food of brook silversides in Pool 19, 
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White bass. Roccus chrysops (Raflnesgue) 
Most of the white bass examined by Forbes (1878 and 1880b) had fed 
chiefly on mayfly naiads. In Clear Lake white bass examined by Bailey 
and Harrison (1945), mayflies provided as much as 73 percent of the food 
in some collections. In Lake Texoma, mayfly naiads were significant as 
food of young white bass (Bonn, 1953). Mayflies were also significant in 
stomachs of white bass from two Iowa lakes (Sigler, 1949a and 1949b). 
Hoopes (1960) examined stomachs of 56 white bass from the Pool 19 area and 
found Hexagenla naiads to compose 54 percent of the total stomach contents. 
Pearse (1918), Ewers (1933), Ridenhour (1960) and Price (1963) found may­
flies to be of only minor importance as white bass food. Pearse and Price 
also found trichopterans in insignificant numbers as did Bailey and 
Harrison (1945). In Hoopes' study (Hoopes, 1960), 9 percent of the white 
bass food consisted of flava larvae. In studies by Pearse (1921) , Ewers 
and Boesel (1935), and Nelson and Hasler (1942), neither mayflies nor 
caddisflies were listed as white bass food. 
The food habit data in the present investigation are based upon 
examination of 50 stomachs containing food. Five white bass, ranging in 
size from 10.0 to 11.4 inches, were collected downstream from Burlington. 
The small size of the sample does not permit generalizations but the 
organisms encountered included naiads of Hexagenla. Caenis. and Baetidae, 
larvae of jP. flava, one gizzard shad, fish remains, and cladocerans. 
Stomachs of 21 fish were collected in various areas of lower Pool 19 
from north of Montrose downstream to the lock and dam. Nearly all of 
these fish were small, ranging in length from 1.3 to 8.2 inches with the 
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average being 3,2 inches. Collections were made during July, August, 
September, and November. In spite of the small size of these bass, the 
most important food was fish (nearly 33 percent). An emerald shiner and 
a few unidentified cyprinids were among the fish consumed. An additional 
32 percent of the food consisted of amphipods, cladocerans, and copepods. 
Hexagenia naiads and adults made up over 9 percent of the contents while 
chironomids contributed nearly 8 percent. As might be expected from this 
locality, caddisflies were unimportant being present only in trace amount. 
The lock gate yielded seven white bass, six of which were taken in 
July. These fish ranged in length from 6,9 to 11.6 inches. H. bilineata 
adults were of primary importance in six stomachs and made up an average 
of 80 percent of the total volume of food. Collection dates in these 
instances coincided with significant mayfly emergences. Adults of the may­
fly, Trichorvthodes atratus (McDunnough), made up the bulk of the contents 
of one stomach. Adults of Hydropsvche orris were found in four stomachs 
and comprised 5,4 percent of the food. 
The remaining 17 white bass were collected in the tailwaters during 
June, July, and August. These fish ranged in length from 3.8 to 11.0 
inches with the average being 8,3 inches. The most important foods were 
Hexagenia naiads and adults (35 percent) and fish (26 percent), The only 
fish that could be specifically identified were two freshwater drum. 
Although not a major food, caddisflies were more important here than in 
the other areas sampled. Of these, Hydropsvche orris contributed nearly 7 
percent, Cheumatopsvche campvla less than 2 percent, and 2» flava less than 
1 percent. 
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The combined percentages of major foods for all 50 stomachs are as 
follows; Hexagenia naiads and adults (29 percent), fish (25 percent), 
copepods (9 percent) and cladocerans (8 percent). The most important 
trichopteran was Hydropsvche orris (3 percent), The proportion of Hexagenia 
computed in this study was about one-half of that reported by Hoopes (1960) 
but a reasonable explanation cannot be proposed. The reduced importance 
of P_. flava as compared with Hoopes' results may be due to differences in 
collecting sites. Evidently, all of Hoopes' white bass were taken near 
Burlington, an area where this species is apparently more abundant. 
Yellow bass. Roccus mississippiensis (Jordan and Elgenmann) 
This species is apparently rare in Pool 19 and stomachs of only two 
individuals were examined for food. Since these were both empty, no 
additional food habit information was obtained. It is hoped, however, that 
a literature review will give some insight regarding utilization of may­
flies and caddisflies. Mayfly naiads were Important in 3 of 7 yellow bass 
examined by Forbes (1878 and 1880b). McCormick (1940) did not find 
mayflies or caddisflies in yellow bass from Reelfoot Lake. However, 
Lagler and Ricker (1942) encountered members of both orders in yellow bass 
from Foots Pond, Indiana. Kutkuhn (1955) studied yellow bass food in 
North Twin Lake and found Hexagenia to be of some importance, especially 
in yearling fish. Caddisflies were also listed as food items. Kutkuhn 
(1958b) noted the occurrence of Oecetis inconspicua (Walker) in stomachs 
of adult yellow bass from North Twin Lake. Collier (1959) did not 
mention mayflies or caddisflies in yellow bass food in this lake but this 
omission quite possibly could be attributed to brevity. The food of yellow 
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bass in Clear Lake, Iowa, has been investigated by several authors. Bailey 
and Harrison (1945) found trichopterans and ephemeropterans to be of minor 
significance. Both orders were of seme importance in the fish examined by 
Welker (1962) and Buchholz (1960) but were not listed by Ridenhour (1960). 
Kraus (1963) reported caddisflies but not mayflies and stated that there 
has been a continued decline in percent frequency of occurrence of 
Trichoptera and Ephemeroptera in Clear Lake yellow bass since 1957. Two 
yellow bass from Pool 19 were examined by Hoopes (1959). One stomach was 
empty but the other held 15 Hexagenia naiads, two corixid adults, and a 
chironomid larva. 
Some of the above citations indicate that Hexagenia naiads may be of 
importance in the food of Pool 19 yellow bass. This possibility is 
supported by the data on white bass food habits since the food of these 
closely related species would not be expected to differ greatly. 
Largemouth bass. Micropterus salmoldes (Lacepede) 
Although the numerous publications stress the importance of fish as 
food of this species, mayflies, caddisflies, and other insects have 
frequently been reported. Mayfly naiads were listed by Forbes (1880b and 
1888b). Pearse (1915, 1918, 1921, and 1922) found mayfly naiads to be 
significant foods in young bass. Pearse noted minor proportions of adult 
caddisflies in one study (Pearse, 1918). Mayfly naiads were important but 
caddis larvae insignificant in the food of largemouth bass at Fairport, 
Iowa, examined by Moore (1920). Turner and Kraatz (1921), Hildebrand and 
Towers (1927), Ewers and Boesel (1935), and Ridenhour (1960) encountered 
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mayfly naiads in young bass. DeRyke (1922) found mayfly naiads to be 
important in Winona Lake largemouth bass less than 50 mm. (standard 
length). Ephemeropterans (including Hexagenla) were also reported by 
Rimsky-Korsakoff (1930) in New York. Other authors listing mayflies as 
food include Odell (1935) and Murphy (1949). H. limbata naiads were of 
minor importance in the food of largemouth bass in three Michigan lakes 
(Hunt, 1953). Mayflies made up 17 percent of the food of six Winona 
Lake largemouth bass examined by Parks (1949). Maupin, Wells, and Leist 
(1954) found Hexagenia naiads to be important in 29 bass taken from 
strip-mine lakes in southeast Kansas. Trichopterans were minor food 
items in studies by Odell (1935), McCormick (1940), and Ball (1948). 
Several other authors (Sibley, 1929; Couey, 1935; Nelson and Easier, 1942; 
Dill, 1944; and Darnell, 1958) wrote on the food of largemouth bass but 
did not list mayflies or caddisflies. Hoopes (1959) also failed to 
encounter these insects in three individuals from Pool 19. 
Largemouth bass were infrequently encountered in Pool 19 and stomachs 
of only 14 were examined for food. Eight of these were collected 
downstream from Burlington. The stomach of one was empty while another 
contained some unidentified material. Stomachs of four bass contained 
exclusively one fish each, one of which was identified as a darter, 
Etheostoma sp. These individuals were collected in August, November, and 
December and measured 3.0, 3.6, 13.4 and 16.3 inches. A 15.9-inch bass, 
taken in November, held a crayfish in its stomach. A 2.5-inch individual 
seined in August, had eaten three damselfly naiads (including Ischnura). 
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two culicid larvae (Diptera), an adult corixid, and a small amount of 
duckweed (Lemna). 
The remaining six largemouth bass were seined in lower Pool 19 along 
both the Illinois and Iowa shores. They ranged in length from 3.1 to 
9.3 Inches and were seined during August and September. The stomach of 
the largest specimen was empty but fish (including two ictalurids) made 
up the bulk of the contents of four others. Corixids were important food 
organisms, occurring in four stomachs and making up 97 percent of the 
volume of one. Other items included chironomid larvae, amphipods of the 
genus Hvalella. and an Odonata nymph of the family Libellulidae. 
It is surprising that ephemeropterans and trichopterans were absent 
in the stomachs of these fish. A partial explanation is offered by the 
fact that the earliest collection dates were in August of each year these 
fish were obtained. 
Bluegill. Lepomis macrochirus Rafinesgue 
There are many published accounts concerning the utilization of may­
flies and caddisflies by bluegills. Forbes (1888b) listed mayfly naiads 
(including Hexagenia) in the food of bluegills. Hankinson et al. (1908) 
found that immature caddisflies, Hexagenia naiads, and certain other 
insects made up the bulk of the bluegill food in Walnut Lake, Michigan, 
until the middle of May. H. llmbata naiads and adults were primarily 
important as food for bluegills in three Michigan lakes (Hunt, 1953). 
Ephemeropterans and trichopterans were of varying Importance in Wisconsin 
(Pearse, 1915, 1918, 1921, and 1922). Caddisflies were more important 
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than mayflies in studies by DeRyke (1922), Ball (1948), and Lux and Smith 
(1960). Several authors (Couey, 1935; Leonard, 1940; Dill, 1944; Moffett 
and Hunt, 1945; Parks, 1949; and Turner, 1955) found that mayflies 
contributed more to the food of bluegills than did caddisflies. Both Couey 
and Parks specified the presence of Hexagenia in their investigations. 
Other authors encountering both mayflies and caddisflies in blueglll 
stomachs include DiCostanzo (1957), Huish (1958), Gerking (1962), and 
Seaburg and Moyle (1964). Hoopes (1959) examined stomachs of seven blue-
gills from Pool 19. Two contained caddis adults (Hydropsychidae) and 
three contained Hexagenia naiads. McCormlck (1940), Rice (1941), Nelson 
and Hasler (1942), Maupin ^  al, (1954) and Ridenhour (1960) all found 
mayflies in their studies but did not report trichopterans as food items. 
The mayflies encountered by Maupin eit al. belonged to the genus Hexagenia. 
Morgan (1951) reported the occurrence of immature caddisflies but made no 
mention of mayflies as blueglll food. Ewers and Boesel (1935) and Rice 
(1942) did not find mayflies or caddisflies in blueglll stomachs examined 
during their investigations. In quite a few of the studies cited above 
the most important Insects were chironomlds. 
Food habit data in the present investigation are based upon the 
examination of 24 stomachs, all of which contained food. Included here is 
one stomach of a blueglll-orangespotted sunflsh hybrid. Eighteen bluegills 
were seined in lower Pool 19 either north of Montrose or downstream 
along the Illinois shore. In addition, three were collected near 
Burlington, two were taken off the lock gate, and one was seined in 
the tailwaters. These fish ranged in length from 1.5 to 7.3 inches with the 
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average being 4,0 inches. The collecting dates were during June, July, 
August, September, and November. 
The combined proportions for the major food items are as follows: 
chironomids 18 percent, amphipods (mostly Hyalella) 17 percent, Hexagenia 
naiads and adults 13 percent, Oecetis larvae and cases 8 percent, £, 
campyla larvae and adults 7 percent (found in only three stomachs), and 
damselfly naiads (Coenagrionidae) 6 percent. Larvae and adults of jP. 
flava and Hvdropsvche orris were present in minor numbers. Even less 
important were four additional species of caddisflies, Neureclipsis 
crepuscularis. Cymellus marginalis. Leptocella Candida (Hagen), and 
Leptocella sp. In addition to Hexagenia. the other mayflies encountered 
belonged to the families Heptageniidae, Caenidae, and Baetidae. Hexagenia. 
P_. flava. and Cheumatopsyche campyla each were found in only three stomachs 
while only four contained Hydropsyche orris and Oecetis. 
It is probably significant that all of the nuisance caddisflies came 
from fish collected in the areas other than lower Pool 19. 
Chironomids and crustaceans (amphipods, cladocerans, ostracods, and 
copepods) tended to be more important in the smaller bluegills. The fact 
that Hexagenia was relatively unimportant could have been due, in part, 
to the small average size of the fish examined, 
Orangespotted sunfish. Lepomis humilis (Girard) 
Stomach contents of 15 orangespotted sunfish were examined by Hildebrand 
and Towers (1927) and found to contain Corixa (Hemiptera), midge larvae, 
minnows, and miscellaneous materials. In 26 orangespotted sunfish from 
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Reelfoot Lake, Diptera larvae were the major food but mayflies (1.5 
percent) were also present (Rice, 1941). Lagler and Ricker (1942) 
reported on the food of 23 sunfish from Foots Pond, Indiana, and found 
five stomachs each to contain a burrowing mayfly naiad. In North Twin 
Lake, Iowa, Kutkuhn (1955) observed that caddisfly immatures and mayfly 
naiads were the most important food items of 41 orangespotted sunfish. 
Trichopterans contributed 37.7 percent by volume, Caenis 25.3 percent, and 
Hexagenia 7.12 percent. 
The latter citation is especially indicative of a possible major role 
of mayflies and caddisflies in the food of Pool 19 sunfish. These fish 
were rarely encountered however, and only two were collected for stomach 
content analysis. Both were seined a short distance upstream from the dam 
along the Illinois shore. A 2.4-inch fish, collected in August, had 
consumed 25 chironomid larvae, one chironomid pupa, a Caenis naiad, and one 
amphipod (Hyalella). The stomach of a 3.5-inch sunfish, taken in June, was 
distended with three Hexagenia naiads. 
White crappie. Pomoxis annularis Rafinesque 
Mayflies, principally Hexagenia. were important in the food of fish 
examined by Forbes (1878, 1880b, and 1888b). Sibley (1929) found trace 
amounts of mayflies in white crappies from New York. Lagler and Ricker 
(1942) reported burrowing mayfly naiads from white crappies in Foots Pond, 
Indiana. Dill (1944) also found mayfly naiads in stomachs of crappies from 
the Colorado River. Ephemerids of the genus Hexagenia were important as 
food of this species in the Tenkiller Reservoir in Oklahoma (Clemens, 1954). 
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Clemens also noted the occurrence of Hexagenla as well as trichopterans in 
stomachs of fish from Fort Gibson Reservoir. Several authors who have 
made similar studies (Numberger, 1930; Ewers, 1933; Ewers and Boesel, 
1935; Marcy* 1954; and Morgan, 1954) did not report the occurrence of 
mayflies or caddisflies. Hoopes (1960) examined stomachs of 83 white 
crappies from Pool 19 and found Hexagenia naiads to comprise 42 percent 
and JP, flava larvae to make up 11 percent of the food. He did not report 
Hydropsvche orris or Cheumatopsvche campyla. 
In the present study, 26 of the 28 stomachs examined contained food. 
Three white crappies, ranging in length from 7.3 to 9.3 inches, were 
collected in Pool 18 during February. The most important food was fish 
but corixid remains were present in all three stomachs. Three more 
crappies were taken in Pool 19 near Burlington during June and November. 
The largest fish was 11.6 and the smallest 8,9 inches, Hexagenia naiads 
made up the bulk of the contents of two stomachs while Pentagenia vittigera 
naiads were similarly important in the other. The only other organisms 
encountered were two Gaenis naiads, a Baetidae naiad, one Potamyia flava 
larva and two unidentified caddis larvae. 
Thirteen crappies were seined in lower Pool 19 near Montrose and 
downstream along the Illinois shore. These fish ranged from 2,1 to 9,0 
inches and averaged 6,5 inches. The most important foods of the smaller 
fish were Hexagenia naiads and small crustaceans. The principal foods of 
the larger individuals were Hexagenia naiads and adults and fish. Also 
present were seven flava larvae, one adult and two larvae of Hydropsvche 
orris, and a single larva of H, simulans Ross, 
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In July and August, three fish, ranging in length from 6.3 to 9.7 
inches, were taken from the lock gate. The major food organisms were 
adult caddisfly remains (including Cheumatopsyche campyla), Hexagenia 
naiads, and fish remains. 
Four crappies were collected in the tailwaters during July and 
August. These ranged from 5.7 to 10.9 inches. The most important foods 
were Hexagenia adults and naiads and nuisance caddisflies. All three 
species of nuisance caddisflies were present and were more important as 
food than in the lower pool. 
The proportions of major foods for all stomachs examined include 
Hexagenia naiads (31 percent), H. bilineata adults (21 percent), and fish 
(23 percent). Representatives of the families Cyprinidae and Ictaluridae 
were found as food. Cladocera occurred in only two stomachs but comprised 
7 percent of the food. The total for all caddisflies, including 
unidentified remains, was 6 percent. Of these, 2 percent were adults and 
immatures of £. campyla. flava, which made up 11 percent of the food in 
Hoopes' study (1960), were present in a proportion of only about 0.5 
percent. As in previous instances, the difference is presumed to be due 
to site of collection. Apparently, all of Hoopes' white crappies were 
taken near Burlington but the majority of crappies in the present study 
were taken from lower Pool 19. 
Black crappie. Pomoxis nigromaculatus (LeSueur) 
Forbes (1878, 1880b, and 1888b) found mayflies, especially Hexagenia. 
to be important in the food of black crappies. Mayfly nymphs were of minor 
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significance in fish examined by Pearse (1918, 1919, and 1921), Mayfly 
fooi was also reported in studies by Van Engle (1941), Dill (1944), Parks 
(1949), Ridenhour (1960), and Seaburg and Moyle (1964). Hexagenia limbata 
naiads and adults comprised the principal food of black crappies in two 
Michigan lakes (Hunt, 1953). Hoopes (1959) examined stomachs of four 
black crappies from Pool 19 and found Hexagenia naiads in three of them. 
Bailey and Harrison (1945) found mayflies in five and caddisflies in one 
of nine stomachs of black crappies from Clear Lake, Iowa, Mayflies and 
caddisflies were insignificant food items in studies by Johnson (1945), 
Reid (1950), and Lux and Smith (1960) and were not listed by Rimsky-
Korsakoff (1930), Ewers (1933), McCormick (1940), and Huish (1958). DeRyke 
(1922) and Clemens (1954), noted the occurrence of trichopterans but did 
not list mayflies. 
Of the 26 black crappie stomachs examined, only one was devoid of 
food. Eleven fish were collected near Burlington in March, June, August, 
and November, The range in length was from 2 to 11 inches with the average 
being 8,3 inches. The major foods were Hexagenia naiads and fish (one a 
gizzard shad), 
Ten black crappies were collected in the lower Pool 19 area during 
June, July, and August. These fish were smaller than those taken upstream, 
ranging from 1,4 to 8,1 inches and averaging 4.2 inches. The principal 
foods were Hexagenia naiads, fish, entomostracans, and immature chironomids. 
The increased significance of the latter two items can be attributed to the 
smaller sizes of the fish examined. 
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Of the remaining five crappies, two were taken off the lock gate in 
July and three were collected in the tailwaters during July and August, 
The food of these fish demonstrated a reduction in the importance of 
Hexagenta but an increase in the significance of nuisance caddisflies. 
Trichopterans were major items in these fish but were rarely encountered 
in stomachs from collections above the dam. 
The food of the 25 black crappies examined included 23 percent 
Hexagenia naiads, 7 percent H. bilineata adults, 18 percent fish, 9 
percent corixids, 8 percent cladocerans, 4 percent oligochaetes (in only 
one stomach), 4 percent Chaoborus (Diptera) (in only one stomach), 4 
percent chironomids, and less than 3 percent each of Hvdropsvche orris. 
unidentified caddisflies, flava. and copepods. 
Sauger. Stizostedion canadense (Smith) 
Bajkov (1930a) reported the occurrence of Hexagenia limbata and 
Hexagenia rigida McDunnough in stomachs of saugers from Canada. In Lake 
Winnipeg, 11 of 30 sauger stomachs examined by Neave (1932) contained 
Hexagenia naiads. Carlander (1942) found that mayflies were important 
foods during June and July from Lake of the Woods sauger. These mayflies 
were apparently being utilized only during periods of emergence. Hoopes 
(1959) examined stomachs of 18 saugers from Pool 19 and found fish to 
comprise nearly all of the food. He reported only one insect, a Hexagenia 
naiad. Sibley (1929) and Priegel (1963) did not report the occurrence of 
mayflies or caddisflies in saugers examined during their studies. 
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Stomachs of 22 saugers taken from Pool 19 area were examined. They 
ranged in length from 5,4 to 19.8 inches with the average being 11.9 
Inches. Collections were made during December, June, July, August, 
September and November and the collecting sites included upper and lower 
Pool 19, the lock gate, and the tailwaters. 
Of the 14 stomachs with food, all but one held fish or fish remains. 
The one contained some unidentified material which could possibly have 
been fish remains. Fish which could be identified to some degree included 
four freshwater drum, three native cyprinids, one gizzard shad, and one 
channel catfish. The only other organisms encountered were a chironomid 
larva and a Hexagenia naiad. The importance of fish in the diet of these 
saugers is in agreement with most published reports on the food of this 
species. 
Walleye. Stizostedion vitreum (Mitchill) 
The literature contains quite a few reports of utilization of mayflies 
and caddisflies as food of walleyes. Ephemerids were minor items in 
studies by Rimsky-Korsakoff (1930), Kutkuhn (1955), and Maloney and 
Johnson (1957). The mayflies identified by Kutkuhn were Hexagenia. 
Galligan (1960) noted the occurrence of Hexagenia naiads in 9 of 31 
stomachs of walleyes from Oneida Lake. Walleyes in Lake of the Woods fed 
almost exclusively on mayfly naiads during June and early July (Carlander, 
1942). Eaton (1928), Bajkov (1930a), Couey (1935), Raney and Lachner 
(1942), Smith and Moyle (1945), Rawson (1957), Price (1963), and Priegel 
(1963) reported the utilization of varying amounts of both mayflies and 
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caddisflies by walleyes. Priegel listed the mayfly genera as Hexagenia. 
Ephemerella. and Caenis while Raney and Lachner and Price found Hexagenia. 
Eschmeyer (1950) found mayflies (mostly naiads) to be more important than 
caddisflies in the food of walleyes from different localities in Michigan. 
In one locality, Ephemeroptera made up 30 percent of all food in 146 
stomachs of subadults and adults. Neither mayflies nor caddisflies were 
reported in studies by Forbes (1880b), Pearse (1918), Sibley (1929), 
Ridenhour (1960), Micklus (1961), and Seaburg and Moyle (1964). 
Food habit data in this study are based upon the examination of 16 
stomachs with food. An additional four stomachs were devoid of food. The 
range in length of all walleyes collected was 1.6 to 18.3 inches with the 
average being 8.5 inches. Collections were made during the months of June, 
July, August, and November from upper and lower Pool 19, the lock gate, 
and the tailwaters. Thirteen of the 16 stomachs containing food held fish 
or fish remains. Two gizzard shad, two native cyprinids, one freshwater 
drum, and one ictalurid were noted. Food items other than fish were of 
minor importance and were encountered in only six stomachs. These 
consisted of one naiad each of Hexagenia and Ephoron. seven Hydropsyche 
orris adults, two Cheumatopsyche campyla adults, one P^ . flava adult, two 
immature chironomids, several cladocerans, and several amphipods of the 
genus Hyalella. The type of food consumed was not closely related to 
walleye size. Fish were present in the six smallest individuals (1.6 to 
2.4 inches) and were exclusive items in five of these. 
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Although only a single Hexagenia naiad was found in the stomachs 
examined, several published accounts indicate a possible important role 
of these insects in the food of Pool 19 walleyes. 
Logperch. Perctna caprodes (Rafinesque) 
Several authors have reported the occurrence of mayflies and caddlsflies 
in the food of this species. In logperch examined by Forbes (1880a) mayflies 
(Ephemeridae) made up about 9 percent of the food and caddis larvae 
contributed 8 percent. Additional reports of mayfly and caddisfly 
utilization as food for logperch were contributed by Forbes (1880b and 
1888b), Pearse (1918 and 1921), Turner (1921), and DeRyke (1922). Mayfly 
foods were reported by Baker (1916), Evermann and Clark (1920), Allin (1929), 
Ewers (1933), Ewers and Boesel (1935), and Carlander (1944). Mayfly naiads 
made up 85 percent of the food of 22 logperch collected in New York 
(Rimsky-Korsakoff, 1930). Both Greeley (1927) and Numberger (1930) found 
small numbers of caddisflies in logperch stomachs. Sibley (1929) did not 
mention the occurrence of mayflies or caddisflies. 
Five logperch were collected from Pool 19 for food analysis. These 
were seined in lower Pool 19 during July and August. Mayflies of the genus 
Caenls occurred in three stomachs and comprised the largest percentage of 
the food. Second in importance were chironomid larvae which also were 
present in three stomachs. The remaining organisms included larvae of both 
Oecetis and Cymellus marginalis as well as amphipods (mostly Hyalella). 
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River darter. Perclna shumardl (Girard) 
No published accounts of river darter food were found but seven 
individuals were collected from Pool 19 for food analysis. One stomach 
was empty, but the others were distended with food. All fish were seined 
near the Illinois shore about 10 miles upstream from the dam during the 
months of July, August, and September. Oecetis larvae comprised the 
greatest volume of food and were present in five stomachs, Chlronomld 
larvae occurred in four stomachs and made up the second largest volume. 
The only other organisms encountered were two Caenis naiads and several 
amphlpods. 
Johnny darter. Etheostoma nigrum Raflnesaue 
The numerous reports of johnny darter food emphasize the Importance 
of immature chlronomids but relatively few note the presence of 
ephemeropterans or trlchopterans. Mayfly naiads and caddis larvae were 
of some importance in studies by Forbes (1880a, 1880b, and 1888b). These 
Insects were minor items in darters examined by Pearse (1918), Turner 
(1921) examined johnny darters from several localities in Ohio and found 
midge larvae and mayfly naiads to be very Important, Similar results 
were obtained by Rimsky-Korsakoff (1930) in a study of the Lake Champlain 
watershed in New York, Allln (1929) noted the Importance of midge larvae 
in Lake Erie johnny darters but also reported mayflies of the genus Baetls, 
Mayfly naiads were noted in johnny darters examined by Carlander (1944), 
Several authors (Hanklnson et al, 1908; Relghard, 1915; Pearse 1921 and 
1922; Sibley 1929 and 1931; Numberger, 1930; and Odell, 1935) did not 
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report the occurrence of mayflies or caddisflies in darters which they 
examined. 
Johnny darters were rare in Pool 19 and stomachs of only three were 
analyzed for food. These were seined in June and July upstream from the 
lock along the Iowa shore. All stomachs were distended but nearly 30 
percent of the contents of each could not be identified. The most 
important organisms were chironomid larvae. They were present in all 
stomachs and contributed, on the average, more than 50 percent of the 
contents. In addition, one stomach held two Caenis naiads and another 
contained 18 copepods (Cyclopidae). 
Freshwater drum. Aplodinotus grunniens Rafinesque 
Forbes (1878, 1880b, and 1888b) and Forbes and Richardson (1920) 
indicated the importance of mayfly naiads in the food of this species. 
Five fish collected in Lake Pepin by Pearse (1921) contained 9 percent 
mayfly naiads and 14 percent caddisfly larvae. Sibley (1929) reported 
the food of 19 freshwater drum from the Lake Erie drainage system to 
consist of 35 percent mayfly naiads. Four mayfly genera were mentioned 
as being present but Hexagenia was not included. One of two fish from 
the Lake Champlain watershed in New York had fed exclusively upon Hexagenia 
naiads (Rimsky-Korsakoff, 1930). Bajkov (1930b) noted that 60 percent of 
the food of drum in Lake Winnipeg consisted of Hexagenia limbata. Both 
mayflies and caddisflies were food items in small drum collected in Lake 
Erie (Ewers, 1933). Mayflies (principally Hexagenia) made up 6.5 percent 
of the food volume while caddisfly larvae contributed slightly more than 1 
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percent. Daiber (1952), In another Lake Erie study, stated that the 
mayfly genus Hexagenia is the prime source of energy for this species in 
western Lake Erie* He found that 69.3 percent of the drum examined had 
fed on these insects. Trichoptera larvae were also listed as drum food 
but in minor proportions. According to Clemens (1954), mayflies 
(Hexagenia) were significant in stomachs of drum from two Oklahoma 
reservoirs, but caddisflies were of lesser importance. Insect larvae 
made up 46 percent of the diet of drum in Iowa lakes according to Moen 
(1955). Larvae of Diptera (largely Chironomidae) and trichopterans 
contributed nearly 75 percent of the total insect volume. Mayfly naiads 
were also present but less important. Hoopes (1959 and 1960) examined 33 
stomachs of freshwater drum collected in Pool 19 and found Hexagenia 
naiads to compose 75 percent of the food. The only important trichopterans 
were Oecetis inconspicua larvae, making up 13 percent of the food. Price 
(1963) reported on stomach analysis of 1,645 drum collected in Lake Erie. 
Mayflies (Hexagenia) made up 7.3 percent of the volume but trichopterans 
contributed less than 1 percent. 
Freshwater drum are very abundant in Pool 19 and 98 stomachs were 
checked for food analysis. However, an exceptionally large number (50) of 
these were empty. This is partially attributed to the fact that 22 empty 
stomachs were taken from fish collected during November, December, 
February, and March, a period when drum do little, if any, feeding. This 
contention is substantiated by the observations of Moen (1955), Hoopes 
(1959) and Pool 19 commercial fishermen. It is difficult to explain the 
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remaining empty stomachs since nearly all of these fish were taken off the 
lock gate or captured with trot lines during the summer months. 
The drum were obtained from four general localities. A single 
specimen (8.4 inches) was collected downstream from Burlington. Lower 
Pool 19 yielded 17 drum ranging in length from 1.6 to 17.8 inches and 
averaging 7.7 inches. Nineteen fish, ranging in length from 6.6 to 15.8 
and averaging 11.7 inches, were taken off the lock gate. The remaining 
eleven fish were collected in the tailwaters. They ranged in length fran 
5.8 to 14.1 Inches with the average being 10.3 inches. 
The calculated percentages for food items of all 48 fish revealed 
that Hexagenia naiads were primarily important, making up over 41 percent 
of the stomach contents. They were the most Important food in all 
collecting areas. In addition, H^ . bilineata adults contributed nearly 
four percent. Percentages of other food items were: 9 percent crayfish, 
8 percent chironomids, 7 percent unidentified material, 6 percent fish, 
4 percent Hydropsvche orris. 3 percent Cheumatopsyche campvla. 3 percent 
gastropods (in only one stomach), and 2 percent Potamyia flava. Nuisance 
caddisflies were found only in fish collected off the lock gate or from 
the tailwaters. Oecetis larvae were encountered in only two fish, both 
from the lower pool. Chironomids were far more important in the lower 
pool than in any other area. This is probably due, in part, to the small 
average size of drum collected there. 
Hexagenia naiads were less Important but nuisance caddisflies were 
more important than in Hoopes' investigation. These differences may be 
81 
attributed to the larger average size of Hoopes' fish as well as the 
probability of a Burlington collection site for all individuals. 
Light Trap Collections 
During the summer of 1961, light trap collections of Insects were 
made at the old lock adjacent to the laboratory. Mayflies and caddisflies 
were the primary concern in these collections. One purpose of this 
endeavor was to provide a rough index of species abundance in the area 
with which to compare utilization by fish. In addition, the resulting 
reference collection of adults was valuable in facilitating identification 
of these insects when present in stomachs. The trap used was an 
experimental one devised by Fremling (1960b) for the purpose of testing 
the relative attractiveness of three types of lights. All lights were 
used and each was suspended horizontally over a pan of water with sufficient 
detergent to wet the insects as they fell into the water. The lights were 
turned on for 10 minutes each evening at one hour after sunset and 
collections were made for a total of 63 dates from June 15 to August 22. 
Ephemeropterans composed a rather small portion of these insects. 
Since a total of only four Hexagenia billneata were taken during the entire 
summer, a measure of emergence sizes could not be obtained with this 
method. The remaining mayflies (mostly Caenidae) included forms which 
were rarely encountered in stomachs and were therefore not identified. 
The vast majority of the trapped insects were caddisflies. A list 
of the species obtained with total numbers for all collecting dates is 
given in Table 2. 
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Table 2, Species and numbers of caddisflies captured In light trap during 
1961 
Species Total Percent 
number of total 
Cheumatop svche campvla Ross 
Hvdropsvche orris Ross 
Cvmellus marginalia (Banks) 
Potamvia flava (Hagen) 
Neureclipsls crepuscularis (Walker) 
Hvdroptila waubesiana Betten 
Athripsodes transversus (Hagen) 
Athripsodes flavus (Banks) 
Mayatrichia ayama Mosely 
Oecetis sp. 
Ochrotrichia sp, 
Ochrotrichia tarsalis (Hagen) 
Hydroptila aiax Ross 
Hydroptlla sp. 
A characteristic feature of the light trap collections was the highly 
erratic pattern of daily species abundance (Figures 1 and 2). For instance, 
on June 24, 1,245 £. campyla were captured. On the following evening only 
nine were taken. For this reason, average values (number per evening) 
would mean very little. It is also difficult to describe trends in 
abundance, particularly with H, orris and £, campyla, P, flava. however, 
was most abundant during late June and quite scarce during August and most 
of July, £, marginalis was most common during the month of August, 
Utilization of Mayflies and Caddisflies 
Particular attention was given to the mayflies and caddisflies 
encountered in fish stomachs. An attempt was made to identify each to 
species but this was often Impossible, especially with adults. Thirty-eight 
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Figure 1. Daily catches of Cymellus marginalis and Cheumatopsvche campvla from light trap 
during 1961. A broken base line indicates days when collections were not made 
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species of fish had consumed representatives of either one or both of these 
orders. The results are summarized in Tables 3 and 4. The numbers 
represent stcnnachs which contained the various food items. Identifications 
of several species of caddisflies were in doubt and these are designated 
with question marks. 
Of the mayflies, Hexagenia adults and naiads were, by far, the most 
important forms. They contributed heavily to the diets of mooneyes, 
channel catfish, white bass, white crappies, black crappies, freshwater 
drum, and, to a lesser extent, silver chubs. Several additional species 
probably utilize Hexagenia to a similar extent but small sample sizes 
preclude generalizations. In spite of the fact that specific identification 
was difficult, the preponderance of H. billneata adults in this area leads 
to the conclusion that nearly all of the naiads consumed were of this 
species. The adults of this genus occurring in stomachs were all H. 
bilineata. On several occasions, the adults were checked carefully to 
determine whether they were imagoes or subimagoes and in every instance 
they were of the latter form. Apparently, they are preyed upon extensively 
by fishes during periods of emergence. As previously indicated, mayflies 
of other genera (especially adults) were relatively insignificant as food 
items. 
In general, nuisance caddisflies did not comprise large percentages of 
stomach contents of the fishes studied. However, they made up more than 10 
percent of the food of shortnose gar and mooneyes, and probably nearly 25 
and 29 percent, respectively, of the food of river shiners and channel 
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Table 3. Number of stomachs of Pool 19 and tallwater fish in which mayflies occi 
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Mayfly food item: 
Unidentified 
Ephemeridae 
Unidentified 
Hexagenia spp. 2 14 
Pentagenia sp, 
Pentaeenla vtttieera 2 
Ephoron sp. 
Ephoron album 
1 1 
2 1 
1  2 5  4 1  4 7 5 3 2  
1 
1 
Baetidae 
Unidentified 
Heptageniidae 
Unidentified 
Stenonema sp. 
Caenidae 
Unidentified 1 
Caenis sp. 111111 
Trlcorvthodes sp. \ 
Tricorvthodes atratus 
Total stomachs with food 4 1 12 2 33 12 2 4 30 34 69 53 32 
In addition, no mayflies were found in 7 longnose gars, 16 gizzard shad, 
6 bigmouth buffalo, 3 quillbacks, 10 river carpsuckers, 3 ghost shiners, 
2 golden shiners, 14 bullhead minnows, 3 bluntnose minnows, 1 blue catfish, 
2 yellow bullheads, 28 brook silversides, and 12 largemouth bass 
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Northern redhorse 
Carp 
Silver chub 
Emerald shiner 
Spottail shiner 
River shiner 
Spotfin shiner 
Red shiner 
Channel catfish 
Flathead catfish 
Tadpole madtorn 
American eel 
White bass 
Bluegill 
Orangespotted sunflsh 
White crappie 
Black crappie 
Sauger 
Walleye 
Logperch 
River darter 
Johnny darter 
Freshwater drum 
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Table 4, Number of stomachs of Pool 19 and tailwater fish in which caddisflies occur 
Sped 
Caddisfly food item: 
Unidentified 115 11347 7 
Hydropsychidae 
Unidentified 2 2 1 
Hvdropsvche orris 31 14 2514 4 
Hvdropsvche simulans 
Chetimatopsvche campvla 1417 3 81126 
Potamvia flava 1218 2 24 1 1 
Hydroptilidae 
Unidentified 
Ochrotrichia sp. 
Hydroptila waubesiana 
Leptoceridae 
Leptocella pavida 
Leptocella diarina 1 
Leptocella Candida 
Athripsodes sp. 
Oecetis sp. 1 12 138131 
Psychomyiidae 
Neureclipsis crepuscularis 1 
Cyme 1 lus marginalia 
Polycentropus sp. 
Total stomachs with food 1 12 7 33 6 12 3 4 30 34 69 53 32 12 
In addition, no caddisflies were found in 4 paddlefish, 16 gizzard shad, 2 goldeyes, 
3 bluntnose minnows, 2 American eels, 12 largemouth bass, 2 orangespotted sunfish. 
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catfish. As mentioned previously, the proportion of these insects consumed 
by channel catfish was much greater than that encountered by Hoopes (1959 
and 1960), This was probably the most significant difference in the 
results of the two studies. Another difference worth mentioning was the 
large proportion of adults comprising the caddisfly food. Nearly all of 
the trlchopterans found by Hoopes were larvae. 
It is interesting to compare the food habit data with results of the 
previously mentioned light trap collections. The light trap collections 
indicate that Potamyia flava is less abundant near the dam than either 
Cheumatopsvche campyla or Hydropsyche orris. According to Fremling (1959), 
£. campyla and H. orris are the most abundant larvae in the Pool 19 tall-
waters but larvae of flava are most common in areas other than the 
tallwaters. He further stated that the greatest concentration of 2» flava 
larvae are found in sandy, silt-free areas of the river where the current 
is considerable. Carlson (1963) -sampled bottom fauna in the mud flats 
above the dam but rarely encountered P^ . flava. Comparison of food habit 
data with results of light trap collections revealed a general quantitative 
agreement with respect to the nuisance species and all but two of the 
others* For all species of fish combined, the principle nuisance caddis-
flies found in stomachs during the course of the present Investigation were 
H. orris and £. campyla. Hoopes, however, found flava to be the most 
Important of the three. This probably can be attributed to the fact that 
Hoopes collected a large proportion of his fish in the upper pool near 
Burlington, an area where P^ . flava is apparently more abundant. In the 
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current study, £. campyla and H, orris were more commonly encountered in 
stomachs of fish collected in the tailwaters or from the lock gate than in 
upstream areas. The fact that a relatively large number of fish were 
obtained at the gate and in the tailwaters probably accounts for the 
greater importance of these species, 
Oecetis larvae occurred in moderate numbers in the food of several 
species including silver chubs, bullhead minnows, bluegills, and river 
darters. Only two of these insects were present in light trap collections. 
This, however, was not indicative of their relative abundance in the lower 
pool since these were the only caddisflies taken in significant numbers 
by Carlson (1963) during his mud flat sampling. Oecetis larvae were more 
commonly encountered in fish collected from the lower pool than from 
other areas. Specific identification of these insects was difficult, 
partially because of the dearth of adults captured in the light trap. The 
larvae which could be keyed were tentatively identified both by the author 
and by Hoopes (1959) as jO. inconspicus. However, Carlson listed them as 
species b of Ross (1944), closely related to ]0. inconspicua. The 
possibility of both species being present should not be ruled out. 
Of particular interest is the small number of Cvrnellus marginalis 
identified in stomach contents. They occurred in stomachs of one brook 
silverside, two bluegills, and one logperch. One fish was taken off the 
lock gate while the other three were seined in the lower pool along the 
Illinois shore. Although they occurred rarely in fish stomachs, these 
insects were relatively common in light trap collections (8.8 percent of 
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total), A possible explanation is that their greatest abundance may be 
in the area of the lock. Carlson did not encounter £. marelnalls in the 
mud flats of the lower pool. However, Fremling (1960b) collected them 
from the tailwaters and from certain structures of Lock 19. He stated 
that in the Keokuk area, Cheumatopsyche campyla and the psychomyiid caddis-
flies (which were represented principally by Cymellus marginalis) seem to 
prefer the same habitat and yet Cheumatopsyche campyla is dominant in 
almost every instance. He believed that Cyrnellus marginalis was a 
pioneer species in a particular chamber of the new lock and supported this 
hypothesis with the observation that the larvae are almost always the 
first to appear on newly immersed objects such as emergence traps, trotline 
buoys, and underwater floats. 
Food Relationships 
The salient features of the preceding information on food habits has 
been summarized diagramatically in Figures 3 and 4. The food organisms 
and fish of each of each area are arranged according to their suspected 
abundance, i.e., the most numerous forms appear at the left of the figures 
while the least numerous are at the right. Those food organisms which 
were considered relatively unimportant are not Included. Several species 
of fish. Including the bowfln, northern redhorse, golden shiner, blue catfish, 
black bullhead, yellow bullhead, eel, and largemouth bass, were omitted 
because of insufficient knowledge of food habits. Solid lines show 
relationships evidenced in the present study while dashed lines indicate 
expected relationships based on literature reports. The information for 
Figure 3. Diagrammatic representation of food relationships of fish in Pool 19. Food 
organisms and fish are arranged in order of abundance with most numerous forms at 
left. Dashed lines indicate expected relationships based on literature reports 
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Scaphlrhvnchus platorvnchus is based on Hoopes' (1959 and 1960) study of 
Pool 19 fish. 
In Pool 19, Oecetis larvae and chironomids, were more important as 
food than in the tailwaters but the opposite was true with respect to H. 
orris and £, campyla. These differences are probably a manifestation of 
relative abundance in the two areas although the tailwaters have not been 
sampled extensively. P. flava appeared to be more important in Pool 19, 
especially in the upper pool. Hexagenia naiads and adults were valuable 
sources of food in both areas, but in the tailwaters, these insects appear 
to be more important than is suggested by their relative abundance. 
However, it is highly probable that a significant proportion of adults 
consumed originated from emergences in the lower pool. Mollusks were 
unimportant in both areas although very abundant in the lower pool. The 
Insignificance of Caenis naiads as food in Pool 19 is probably proportional 
to their abundance. White bass, crappies, gar, sauger, and walleyes were 
the principle fish-eating species. Of these, only walleyes and saugers 
were almost exclusively piscivorous. 
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MOVEMENTS OF HEXAGENIA NAIADS 
An Investigation of Hexagenla naiad movements was Initiated in 
connection with the food habits studies of Pool 19 fishes. The original 
concern resulted from observations by Lyman (1943), Hunt (1953), and 
Carlson (1960) which suggested the possibility that Hexagenia naiads do 
not leave their burrows under normal conditions. This presents the 
problem of how fish are able to utilize mayfly naiads. It is obvious that 
they must leave their burrows occasionally or else be dislodged by thé 
feeding fish. 
The initial attempts at providing answers to this problem involved 
laboratory observations of naiads. The mayflies were placed in aerated 
containers (usually aquaria) which held river water and enough mud to 
permit burrowing. When released at the water surface, the nymphs swam 
vigorously downward and began burrowing upon contact with the mud bottom. 
Initially, 15 naiads were collected March 18, 1961, and subjected to 
irregular observations for a period of two weeks. There was no evidence 
of any movement from the burrows. About 100 naiads from an April 3 
collection were observed at irregular Intervals until June. On four 
different occasions during May naiads were observed out of their burrows. 
It is not known if conditions were "normal" at these times, but the insects 
did not appear to be in any particular distress. Additional laboratory 
observations were made at Keokuk during July and August. During this 
period there was no evidence of movement from burrows but turbidity of the 
water may have obscured naiad activity. 
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Also during the summer of 1961, an attempt was made to detect mayfly 
movements by trapping in Pool 19. A single trap was used, this being 
cylindrical in shape, possessing an opening at each end, and constructed 
out of window screen. It was set out at the end of a wooden boom near the 
laboratory in an area which supports a substantial mayfly population. 
However, the trap was totally ineffective at capturing naiads and results 
were negative. 
Additional laboratory studies were made the following year. An 
aquarium containing naiads from a collection of December 22, 1961, was 
checked irregularly and in limited fashion until the second week in March. 
This was followed by one or two observations late each night until April 
21. During this period, one naiad was seen out of its burrow on April 11. 
Many naiads were collected on April 22. They were transferred into 
two aquaria, one of which was not aerated immediately. Within 24 hours, 
large numbers of naiads were seen swiming near the surface of the non-
aerated container but none was observed in the other. On two other 
occasions, experiments of a similar nature were repeated but with the ad­
dition of oxygen determinations. Oxygen contents of the aerated containers 
were close to 5 ppm, while those of the non-aerated containers were as low 
as 1.5 ppm. The observed naiad activity in the non-aerated containers was 
probably the result of low oxygen content or some related condition. This 
suggested the possibility that an oxygen depletion close to the bottom of 
Pool 19 may cause the naiads to come out of their burrows and subsequently 
be consumed by fish. During the summer of 1962, oxygen determinations were 
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made in Pool 19 with the Alsterberg (azide) modification of the Winkler 
method. On August 1 and again on August 15, a polyethylene bag was filled 
with water, weighted, and lowered to the bottom in 10.75 feet of water. 
This procedure was similar to a method described by Fremling and Evans 
(1963). The determinations were made on August 21, the resulting values 
being 5.4 and 5.5 ppm. The oxygen content at the surface was 7.0 ppm and 
the surface temperature was 79° F. Since the determinations were made at 
a time when oxygen content would be expected to be near minimum, there was 
no suggestion of a depletion in Pool 19. 
During May, 1962, observations of naiads in aerated containers were 
made on 14 dates between 11:30 p.m. and 1:30 a.m. in addition to a few 
irregular checks during daylight hours. No naiads were seen during daytime 
but many were seen swimming near the surface of the water at each nighttime 
check. Since the containers were aerated at all times, the nocturnal naiad 
activity was apparently due to something other than oxygen depletion. It 
is interesting to note that the laboratory observations during both 1961 
and 1962 did not reveal naiad activity until about mid-April. 
To gather additional information on naiad behavior, a trapping program 
was undertaken during the summer of 1962. Each trap was 12 inches square, 
3 inches high, and constructed with window screen on a frame of either 
number 9 wire or narrow strips of galvanized metal (Figure 5). Each side 
was concave and provided with two openings for entrance of the naiads. Two 
strips of screen, placed diagonally, divided the trap into four compartments. 
These compartments enabled the investigator to determine the naiad's 
direction of entry. The upstream side of each trap was determined by the 
Figure 5. Mayfly naiad trap. Photograph by Louis Facto 
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Figure 5, Mayfly naiad trap. 
Photograph by Louis Facto 
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exclusive presence of numerous caddis cases. The program was initiated 
on June 15 and the traps were planted, one each, in three locations along 
the boom near the laboratory. Each trap was at a different depth; (1) 
bottom; (2) one foot off bottom; and (3) three feet off bottom. On June 
30, all traps were placed in the same location, this being about one-third 
of the distance in from the end of the boom. From June 20 to July 7 
each trap was checked four times daily (8:00 a.m., 12:00 m, 4:00 p.m., 
and 8:00 p.m.) except in instances where working commitments prevented it. 
Commencing July 11, the trap formerly set at 3 feet was lowered to the 
bottom. Subsequently, one of the two bottom-set traps was checked only at 
8:00 a.m. and 8:00 p.m. while the others continued to be subjected to the 
previous time intervals. These traps were operated until July 21. 
In early July, three more traps were constructed and tied together in 
a series similar to the arrangement shown in Figure 3. The middle and 
uppermost traps were placed at 1 and 3 feet, respectively, from the bottom. 
These traps were operated at the end of the boom and checked twice daily 
at 8:00 a.m. and 8:00 p.m. The trapping program was terminated on July 23. 
The total number of live Hexagenia naiads captured in all traps was 
245. Of these, 207 were taken through July 1, a period which was devoid 
of major emergences. Following this date, only 38 additional live naiads 
were trapped and activity was virtually nil after mid-July. Occasionally, 
naiads of other genera were encountered as well as snails, crayfish, and 
young-of-the-year flathead catfish. 
The trapping results permitted comparisons with respect to direction 
of movement, depth of capture, and time of capture. Only the information 
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compiled after June 20 was used. A total of 157 live Hexagenia naiads were 
trapped during this period. Of these, 135 were captured in the compartments 
facing upstream and only 22 were taken from the other compartments 
combined. These data demonstrate that naiad movements are predominately 
in a downstream direction. 
The data comparing depths of capture are as follows: 
Depth Number of naiads 
bottom 21 
1 foot up 8 
bottom 21 
3 feet up 10 
1 foot 4 
3 feet up 10 
It should be noted that figures for a particular depth were included only 
when comparable information was available for the same time period and 
location. The values for bottom-set traps compared with the others suggest 
that most naiad movement is close to the bottom. If true, it would 
logically follow that the smallest number of naiads would be captured at 
the 3-foot depth. Although the bottom couplet shows that this is not the 
case, the figures may not be representative because of the small sample 
size. 
The data comparing the four-hour time periods are as follows; 
Time Number of naiads 
8:00 a.m. to 12:00 m 2 
12:00 m to 4:00 p.m. 9 
12:00 m to 4:00 p.m. 12 
4:00 p.m. to 8:00 p.m. 19 
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Time Number of naiads 
8:00 a*m. to 12:00 m 
4:00 p.m. to 8:00 p.m 
2 
19 
Of the periods for which data are available, it is apparent that Hexagenia 
naiads are most active during the hours from 4:00 p.m. to 8:00 p.m. and 
least active during the morning period. 
Only a limited amount of information was obtained for comparison of 
the two 12-hour time periods between 8:00 a.m. and 8:00 p.m. Ten naiads 
were trapped from 8:00 a.m. to 8:00 p.m. while only seven were taken from 
8:00 p.m. to 8:00 a.m. The small number of naiads captured is explained 
by the fact that this phase of the study was conducted from July 11 to 
July 23, a period during which naiad activity was generally slight. 
An attempt was made to derive a measure of efficiency for the naiad 
traps. For this purpose, an underwater emergence trap was constructed 
for use in conjunction with the naiad traps. It was a conical structure 
constructed from window screen on a frame of number 9 wire and possessed 
a 2-quart glass jar at the top, into which, the subimagoes could emerge. 
While in use, it rested on the river bottom and covered a 3-foot square 
area. It was hoped that the number of subimagoes trapped during a certain 
period of time could be compared with results from associated naiad 
traps, thus, providing some measure of efficiency of the latter. • The 
emergence trap was set out soon after commencement of significant 
emergences and checked at various intervals for several hours afterward. 
During this time, a naiad trap was situated either next to the emergence 
trap or, in one instance, inside of it. The results were disappointing, 
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since only one subimago was captured with the emergence trap. However, 
some naiads were taken in the naiad traps in close proximity to the 
emergence trap. In the trapping studies by Guyer and Hutson (1955), 
mayflies did not emerge from their nymphal skin and pass through the 
subimago stage as readily in the traps as under natural conditions. 
Although only 38 live naiads were taken after July 1, 15 were in their 
last instar. Only two last-instar naiads were trapped prior to this date. 
It is interesting to note that 12 of those captured after July 1 were 
trapped during the afternoon and evening preceding an emergence. It would, 
therefore, appear possible to predict such occurrences by the presence of 
last-instar naiads in traps. The remaining three last-instar naiads were 
captured at 8:00 a.m. on mornings following emergences. Since 12 of the 17 
last-instar naiads were taken in the sections of the traps facing upstream, 
a general downstream movement before emergence is indicated, 
A total of 66 dead last-instar naiads were taken during the 
investigation, of which, all but five were encountered after July 1, 
Fifty-three of these were found in traps checked at 8:00 a.m. immediately 
following emergences and six were taken at the 4:00 p.m. and 8:00 p.m. 
checks preceding emergences. It appears that these naiads were due to 
emerge within several hours after capture but died instead upon failing 
to escape. The upstream-facing compartment of these traps yielded more 
mayflies (25) than each one of the others (17, 14, and 10) but the 
magnitude of difference was not sufficient to suggest a strong general 
downstream movement. 
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It should be noted that no live or dead last-lnstar naiads were 
captured immediately preceding or following several emergences. This was 
particularly true in July. A partial explanation for this could be the 
limited scope of the trapping operations. Also, bottom sampling at this 
location during July revealed a reduced naiad population as compared to 
estimates for June. Last-lnstar naiads were not taken in conjunction with 
two of the largest July emergences (July 14 and 15). However, a strong 
northeast wind was noted during the period of each emergence and the 
possibility that the sublmagoes were carried into this area from an 
emergence site farther upstream should not be ruled out. Therefore, naiad 
activity near the lock could actually have been "normal" for this time of 
year. Lyman (1944) noted that local concentrations of Hexagenla sublmagoes 
in western Lake Erie were dependent to a large degree upon wind direction. 
Some additional information on mayfly movements was obtained during 
the summer of 1963. Two sets of traps were used in this program, each 
consisting of a series of three traps arranged as described previously. In 
addition, the cords on which the traps were suspended were equipped with 
two 1-foot square pieces of plywood, one situated at the water surface and 
the other about midway between the surface and the upper trap. This 
arrangement prevented rotation of the traps at times of setting or lifting. 
One set of traps was planted off the end of the boom in 10 feet of water 
and the other was set about one-third of the distance in from the end in 9 
feet of water. The traps were checked five times daily (8:00 a.m., 12:00 m, 
4:00 p.m., 8:00 p.m., and 12:00 a.m.) from June 4 to June 15. Although the 
study was concerned only with Hexaeenia. a significant number of Pentagenla 
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naiads were noted among those captured. Emergences did not occur during 
this period and no last instar naiads were trapped. 
Since the 1963 trapping data were more complete than those of 1962, 
they can be compared in a more direct manner as indicated below. The only 
checks not made were those at noon on three dates. The results regarding 
direction of movements are in agreement with those of the previous year. 
Of the 411 live Hexagenia naiads trapped during this period, 395 were taken 
in the upstream compartments. The compartments facing downstream failed to 
yield a single individual. 
The number of naiads captured at different depths for each set of 
traps is presented as follows: 
Number of naiads 
Traps planted one- Traps planted 
third of distance in at end of boom 
from end of boom 
Depth 
bottom 34 40 
1 foot up 43 111 
3 feet up 87 96 
These results suggest that the least amount of naiad activity occurs near 
the bottom. The opposite was indicated by the 1962 data but the smaller 
sample size for that period suggests that the information obtained may be 
less reliable than the above. It is possible, however, that the difference 
in the time of year that these two studies were carried out may be a 
partial explanation for the discrepancies in results. Perhaps in late June 
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and afterward naiads tend to move more closely to the bottom than earlier 
in the year. A temperature influence for such a phenomenon is conceivable. 
The data comparing the time periods are summarized as follows: 
Time period Number of naiads 
8:00 a.m. to 12:00 m 9 (three checks missed) 
12:00 m to 4:00 p.m. 17 
4:00 p.m. to 8:00 p.m. 27 
8:00 p.m. to 12:00 a.m. 175 
12:00 a.m. to 8:00 a.m. 182 
These data are in agreement with the 1962 results. Naiads are evidently 
least active before noon but become progressively more active later in the 
day. While the data for the midnight to 8:00 a.m. period are not directly 
comparable to the others, they serve to support the conclusion of a high 
degree of nocturnal activity. The diurnal activity cycle exemplified by 
trapping results supports the information obtained from the aforementioned 
laboratory studies. 
The results obtained from the 1962 and 1963 trapping programs and 
from the laboratory studies leave no doubt that Hexagenia naiads leave their 
burrows at times other than just preceding an emergence and that this 
activity is of major magnitude. Further support for this was afforded by 
the capture of naiads while seining for fish at dates remote from periods 
of emergence. Most naiad movement appears to be nocturnal and in a down­
stream direction. There was some evidence that the downstream movement was 
less pronounced among last-instar naiads. The preferred depth of movement 
is in question but it may possibly be influenced by factors related to time 
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of year. Hexagenia naiad activity in western Lake Erie was summarized 
by Langlois (1954, p. 142). He states that: 
As aquatic larvae they are most active at night, leaving their 
burrows to forage on the organic detritus of the bottom; and at such 
times they are preyed upon by fish. 
Doris and Copeland (1962) stated that Hexagenia rigida naiads in the 
Mississippi River near Quincy, Illinois appear to move downstream prior to 
emergence. 
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TAXONOMIC OBSERVATIONS OF HEXAGENIA NAIADS 
Carlson (1960 and 1963) reported difficulty in distinguishing between 
naiads of Hexagenia bilineata and Hexagenia limbata. The character given 
by Burks (1953) and Hamilton (1959) involves the shape of the frontal 
process of the head. It is reportedly dome-shaped in JH. limbata but angled 
mesally at the apex in H. bilineata. While examining Hexagenia naiads from 
the Keokuk area the author encountered much variation in the shape of this 
structure and, therefore, felt it desirable to investigate this further and 
to search for new, more useful characters. 
Since H. limbata is uncommon in Pool 19, procurement of an adequate 
sample necessitated collecting in a different locality. Therefore, a 
collection was made on May 4, 1963, in Pool 9 near Lansing, Iowa, an area 
where this species is reportedly abundant. 
The initial concern was the reliability of the frontal process as a 
distinguishing character. Examination of a large but undetermined number 
of naiads of both species and of various sizes revealed much individual 
variation but no detectable interspecific differences. It is believed, 
therefore, that this character is invalid and should not be used. 
Subsequent examination of both species indicated differences with 
respect to several characters. A difference in color pattern on the 
abdominal tergites was evident. In H. bilineata. the dark pigment on the 
terga extends more laterad and posteriad than in H, limbata. However, some 
individuals were difficult to separate on this basis because of apparent 
interspecific gradation, A seemingly more reliable distinguishing feature 
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was the presBtice of a dark posterior margin on the hind wing pads of H, 
bilineata. For the adults of these species, the appearance of this 
margin on the hind wings is a distinguishing character. H, bilineata adults 
possess a conspicuous dark posterior margin on the hind wings while in H. 
llmbata. this margin, when present, is lighter or discontinuous. 
On the basis of the above characters, one live H. llmbata naiad was 
distinguished from 10 live H. bilineata naiads and the two species were 
placed in separate containers. The tentative identification of these 
naiads was confirmed by subsequent emergences of sublmagoes. It is 
unfortunate that only a single H, llmbata could be used. The remaining 
naiads of this species which had been kept alive following the May 4 
collection died early in June, probably as a result of unusually high 
temperatures at the lock where the insects were kept. 
An additional character which may be valid involves the shape of 
the mid-tarsal claw, Burks (1953) and Hamilton (1959) reported it to 
be broadened near the base in H, bilineata but made no reference to the 
shape of this structure in H, llmbata. Thirty-seven naiads, collected off 
the boom at the lock, were examined on July 3, All but one possessed 
the color pattern and wing pad margin typical of H. bilineata in addition 
to the basally broadened mid-tarsal claws. Of those naiads with H. 
bilineata characters, the smallest was 20 mm in length (measured from 
the tip of the frontal process to the end of the abdomen). In view of 
the relative abundance of this species near the lock it is very 
probable that all were II, bilineata. The remaining naiad (13 mm) appeared 
to be H, llmbata on the basis of abdominal color pattern and lack of a dark 
hind wing pad margin. The mid-tarsal claws of this individual were slender. 
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Slender mid-tarsal claws were also possessed by 12 H, llmbata naiads (15 
to 23 mm) from the May 4 collection at Lansing. The relatively small 
size of these naiads probably does not account for the lack of broadened 
mid-tarsal claws since a 14 mm H. bilineata was examined which possessed 
the enlarged claws. It appears, therefore, that the slender claws are 
characteristic for the species. 
Thirty naiads, collected off the boom, were examined on July 7. Most 
of these were relatively large and were approaching emergence time. Twenty-
four possessed characters of H, bilineata (including the enlarged mid-
tarsal claw) and two were evidently H. limbata. The four remaining naiads 
(13, 14, 19, and 22 mm) resembled H. bilineata in respect to coloration and 
hind wing pad margin but had slender mid-tarsal claws. This suggested 
that the claw characteristic may not be valid in some cases. It should be 
noted, however, that the dark margins on the hind wing pads were 
uncommonly thin in all cases and their presence does not rule out the 
possibility that these naiads may have been H. limbata. After examination, 
they were saved for subsequent emergence. However, all died before this 
time, probably because of handling during examination. 
Although the use of the frontal process has been rendered useless, 
some additional study regarding the other characters is desirable. Abdominal 
color patterns, appearance of hind wing pad margins, and shape of mid-tarsal 
claws all appear to have considerable diagnostic value for naiads more than 
15 or 20 mm in length. Although the degree of reliability is in doubt, it 
is believed that simultaneous use of these characters will permit separation 
of a high percentage of the larger naiads. 
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INVESTIGATIONS OF CREPIDOSTOMUM SPP. PARASITES 
Survey of Intestinal Parasitism 
During the period from 1961 to 1963, intestinal tracts of 28 species 
of Pool 19 area fishes were examined for helminth parasites. Incidence 
of the major groups is summarized in Table 5. Trematodes other than 
Crepidostomum as well as cestodes, nematodes, and acanthocephalans were 
not identified further but simply enumerated whenever encountered. It 
should be noted that in the early phases of this study, the presence of 
cestodes, nematodes, and acanthocephalans was not noted. Hence, the 
tabulated numbers of fish harboring these groups of helminths should be 
considered minimal. 
For all fishes combined, trematodes were numerically the most important 
intestinal helminth parasites. They occurred in 18 of the 28 species and 
were particularly abundant in channel catfish, blue catfish, white bass, 
saugers, and a single mooneye. Members of at least 20 species harbored 
nematodes, sometimes in large numbers. Cestodes were noted in 10 species, 
but were most numerous in paddlefish, flathead catfish, and saugers. 
Although one paddlefish was found to be devoid of tapeworms, this species 
is particularly heavily infected with Marsipometra hastata (Linton). 
Acanthocephalans were uncommon both numerically and with regard to 
frequency of occurrence. 
Summary of Life Cycle 
Two of the species of the genus Crepidostomum considered in the 
present study are Crepidostomum ictalurl (Surber) and Crepidostomum cooper! 
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Table 5. Incidence of intestinal helminth parasites in 28 species of Pool 
19 area fishes 
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Paddlefish 4 3 3 1 
Shovelnose sturgeon 3 
Shortnose gar 3 1 1 
Bowfin 2 2 2 1 1 
Gizzard shad 2 2 1 1 
Mooneye 1 1 1 
Bigmouth buffalo 2 1 1 
Smallmouth buffalo 2 2 1 1 
Northern redhorse 1 1 1 
Carp 15 2 1 1 
Emerald shiner 2 1 1 
Spottail shiner 2 1 
Channel catfish 33® 27 27 2 6 
Blue catfish 4 4 4 1 4 1 
Black bullhead 7 3 2 1 
Yellow bullhead 4 3 2 1 1 
Flathead catfish 11 11 9 7 5 
Tadpole madtom 16 9 9 
American eel 3 2 2 
White bass 5 5 5 1 
Largemouth bass 4 2 2 2 2 
Bluegill 3 2 1 2 1 
White crapple 7 7 7 3 3 1 
Black crappie 2 2 1 1 1 
Sanger 13 12 11 6 3 
Walleye 2 1 1 
River darter 2 
Freshwater drum 12 8 6 3 
I^ncludes eight individuals from Pool 18. 
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Hopkins. Adults are harbored in the Intestinal tract of several species 
of Pool 19 area fish. Upon hatching, each operculate egg yields a 
ciliated miracidlum, Miracldla penetrate the first intermediate host, 
a sphaeriid pelecypod, Sphaéritm transversum (Say), and develop directly 
into redlae. A sporocyst stage has not been reported. The site of 
redial infestation is principally in the digestive gland (hepatopancreas) 
but also extends into the region of the gonads. Redlae ultimately 
produce cercariae which emerge from the clam and penetrate Hexaeenia 
naiads. Penetration is apparently mainly through the cuticle of the 
abdomen or abdominal gills. After penetration, cercariae transform into 
metacercariae and the latter encyst chiefly in the gills and in the 
muscles and fat body of the abdomen. When mayflies are consumed by 
fish, metacercariae excyst and develop into adults. Adults attach to 
the Intestinal epithelium by means of the acetabulum. The life cycles 
of these species were studied by Hopkins (1934), The third species 
under consideration is Crepidostomum lllinoiense Faust, The life cycle 
of this fluke is unknown but the present investigation yielded some 
evidence to suggest that it may parallel that outlined above. 
Adult Flukes 
General morphology 
Adults of the family Allocreadlldae are small to medium-sized flukes, 
many of which are found in the Intestines of fishes, Allocreadilds 
constitute a controversial group (Meyer, 1958) and debate has continued 
concerning the genera to be included in this family. The members of several 
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genera possess papillae about the oral sucker and are therefore referred 
to as "papillose Allocreadiidae", This group contains the genus 
Crepidostomum. three species of which are considered in the following 
sections. 
By far the most common alloc^ eadiid encountered in Pool 19 fishes was 
Crepidostomum ictaluri (Figure 6). Surber (1928) described the species as 
possessing four testes and erected the genus Megalogonia to contain it. 
Further studies of this species by Walz (1933), Hopkins (1934), Van Cleave 
and Mueller (1934), and Lyster (1939) revealed that they are often 
bitesticular, each organ divided by a median longitudinal constriction into 
a right and left lobe. Immature worms were found by Lyster to possess only 
two testes, thus removing any doubt as to the fundamental nature of these 
organs. The character on which Surber based his genus Megalogonia was, 
therefore, considered to be of specific significance only and Van Cleave 
and Mueller declared this genus a synonym of Crepidostomum. 
Crepidostomum cooperi (Figure 7) is similar to Ç. ictaluri in size and 
shape but differs most conspicuously in possessing a pair of testes which 
are usually unconstricted and somewhat spherical. Van Cleave and Mueller, 
however, reported difficulty in distinguishing between some individuals of 
these two species. 
The most prominent diagnostic feature of Crepidostomum lllinoiense 
(Figure 8) is the notched condition of the median pair of dorsal oral 
papillae. 
Figure 6. Crepidostomum ictaluri adult (x 95). Photomicrograph by 
Louis Facto 
Figure 7. Crepidostomum cooperi (x 95). Photomicrograph by Louis Facto 
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Figure 6, Crepidostomum tctaluri adult (x 95). 
Photomicrograph by Louis Facto 
Figure 7. Crétldestomum tûûtéri (x 95) • 
Photomicrograph by Louis Facto 
Figure 8, Crepidostomum illinoiense adult (x 160). Photomicrograph by 
Louis Facto 
Figure 9. Cross-section of channel catfish intestine showing worm in situ 
(x 400). Photomicrograph by Louis Facto 
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Figure 8. Crepldogtomum llllnolense adult (x 160), 
Photomicrograph by Louis Facto 
Figure 9* Cross-section of channel catfish intestine 
showing worm in situ (x 400). Photo­
micrograph by Louis Facto 
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Incidence of Infection 
The incidence of Crepidostomum spp. and other intestinal trematodes 
in fish of Pool 19 and the tailwaters is given in Table 6, It should be 
noted that specific identification of the allocreadiids was often not 
possible since many specimens were either immature of mounted In such a 
manner that diagnostic features were not clearly evident. Therefore, 
some of the tabulated numbers of fish harboring the various groups of 
trematodes are minimal. In some instances, this is also time of the values 
for maximum numbers in a single individual. 
Adult £. ictaluri were definitely identified in intestinal tracts of 
37 fish representing the following seven species; channel catfish, blue 
catfish, black bullhead, yellow bullhead, flathead catfish, tadpole madtom 
and white crapple. These fish were collected during April, June, July, 
and August of 1961 to 1963. In each month, the majority of flukes examined 
were sexually mature. 
Eighteen of the 33 channel catfish examined harbored ictaluri. 
Three individuals contained more than 100 of these flukes, the maximum 
number being about 290. The fish harboring this parasite ranged in length 
from 4.5 to 22.4 Inches but there was no apparent relation between fish 
size and magnitude of Infection. Flukes other than £. ictaluri. although 
frequently encountered, were definitely less numerous. Each of the four 
blue catfish examined (14.4 to 18.7 Inches in length) harbored £. ictaluri. 
The estimated 1,400 flukes found in the largest fish represented the 
greatest magnitude of £. ictaluri infection encountered in this study. 
Flukes of other species were found in three blue catfish but were 
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Table 6. Incidence of Crepldostomum spp. and other intestinal trematodes in fish o 
Species Number Number Greatest Number Greatest Number 
examined harboring number of harboring number of harboring 
£, letaluri £. Ictalurl Ç. cooperl C^ . cooperi C_. illinoiense 
recovered recovered 
from a single from a single 
individual individual 
Shortnose gar 3 
Bowfin 2 
Mooneye 1 
Smallmouth 
buffalo 2 
Carp 15 
Channel 
catfish 33 18 290 
Blue catfish 4 4 1,400* 
Black 
bullhead 7 1 3 
Yellow 
bullhead 4 1 25 14 
Flathead 
catfish 
Tadpole 
madtom 
White bass 
11 
16 
5 
5 
7 
57 
29 
Largemouth 
bass 4 
White crappie 7 
Black crappie 2 
Sauger 13 
Walleye 2 
Freshwater 
drum 12 
Approximate number. 
ematodes in fish of Pool 19 and the tailwaters 
Number Greatest Number Greatest Number Greatest 
harboring number of harboring number of harboring number of 
i illinoiense illinoiense C_. comutum C^ , comutum trematcdes trematodes 
recovered recovered other than other than 
gle from a single from a single Crepidostcmum Crepidostomum 
1 individual individual recovered 
from a single 
fnf&Y&dvsl _ 
12 
68 
1 
1 
1 
1 
15 
3 
1? 
2 
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11 
23 
6 
5 
17 
30 
850 a 
2 
6 
1 
80 
28 
7 
11 
1 
650' 
4 
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numerically insignificant. Trematodes were found in only two of the seven 
black bullheads studied. An 11.6-inch bullhead harbored three £. ictalurl 
and a single unidentified fluke was found in another. Of the four yellow 
bullheads examined, jC. ictalurl was noted in one—a 7.0-lnch fish which 
harbored at least 25 individuals. Trematodes other than ictalurl were 
found in two yellow bullheads. The five flathead catfish possessing £. 
ictalurl ranged in length from 1.8 to 16.9 inches with the heaviest infection 
(about 57 flukes) occurring in a 5.0-inch fish. The magnitude of other £. 
ictalurl and other trematode infections was generally light. The same was 
true in the seven tadpole madtoma harboring £. ictalurl excepting a 2.8-
Inch fish which held about 29 of the flukes. Infections of other trematodes 
were similar in magnitude. The single white crapple with Ç.. ictalurl 
measured 8.6 Inches. Only one of these flukes was definitely identified 
but at least 2 dozen others could have been of this species. Flukes not 
belonging to the genus Crenldostomum were found in six white crappies. 
Nearly all of the definitive hosts reported for jC. ictalurl have been 
fishes of the family Ictaluridae. Hopkins (1934), in summarizing the early 
host records, listed the channel catfish, tadpole madtom, and brindled 
madtom (Noturus miurus Jordan). Other authors listing the channel catfish 
as a definitive host Include Van Cleave and Mueller (1934), Lyster (1939), 
Bangham and Hunter (1939), Bangham and venard (194?), Bangham (1955), and 
Harms (1959 and 1960). Bangham and Hunter also found C_. ictalurl in the 
brindled madtom. Fischthal (1956) reported £. ictalurl in the margined 
madtom, Noturus insignis (Richardson). The stonecat, Noturus flavus 
Rafinesque, was found to be a definitive host by Van Cleave and Mueller and 
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Bangham and Hunter. Bangham and Hunter also listed the black bullhead as 
did Harms (1959 and 1960). Bangham (1941a) and Van Cleave and Mueller found 
C_, ictaluri in yellow bullheads. The brown bullhead, Ictalurus nebulosus 
(LeSueur), was a definitive host in studies by Van Cleave and Mueller, 
Bangham (1941b) and Bangham (1955). The only report of a non-ictalurid 
definitive host was by Van Cleave and Mueller for the largemouth bass. 
No published reports were found for the blue catfish, flathead catfish, 
and white crappie as definitive hosts for £. ictaluri. Hence, these species 
evidently represent new host records. 
Adults of £. cooperi were identified in only one fish, a 7.3-inch 
yellow bullhead collected in August. It harbored a total of 14 of these 
flukes, most of which were sexually mature. 
Many species of fish have been reported as definitive hosts for £. 
cooperi. Hopkins (1934), in a summary of early reports, listed the 
following species: "catfish"; black bullhead; yellow bullhead; brown 
bullhead; tadpole madtom; brindled madtom; rock bass, Ambloplites rupestris 
(Rafinesque); green sunfish, Lepomis cvanellus Rafinesgue; pumpkinseed, 
Lspomis gibbosus (Linnaeus); orangespotted sunfish; longear sunfish, 
Lepomis megalotis (Rafinesque); largemouth bass; yellow perch, Perca 
flavescens (Mitchill). Additional records for these and other species 
are presented in Table 7. 
In pool 19, C_, lllinolense adults were recovered from one mooneye, 
one flathead catfish, and two white crappies. The mooneye, captured in 
June and measuring 11.3 inches, harbored nearly 350 flukes. About 68 of 
these were identified as C_. lllinolense but many or all of the remainder 
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Table 7. Additional definitive host records for Crepldostomum cooper! 
Species 
Cisco, Coregonus artedli (Koelz) 
Lake whitefish, Coregonus clupelformis 
(Mitchill) 
Round whitefish, Prosopium 
cylindraceum (Pallas) 
Rainbow trout, Salmo gairdneri 
Richardson 
Brown trout, Salmo trutta Linnaeus 
Brook trout, Salvelinus fontinalis 
(Mitchill) 
Dolly Varden, Salvelinus malma 
(Walbaum) 
Chain pickerel, Eaox nlger (LeSueur) 
Northern pike, Eaox lucius Linnaeus 
White sucker, Catostomus commersonl 
(Lacepede) 
Carp 
Golden shiner 
Black bullhead 
Yellow bullhead 
Brown bullhead  ^
Tadpole madtom 
Mtnnmichog, Fundulus heteroclitus 
(Linnaeus) 
Author 
Van Cleave and Mueller (1934) 
Bangham (1941b) ; Bangham and 
Venard (1946) 
Bangham (1941b) 
Shaw (1933); Shaw, Slmms, and 
Muth (1934) 
Bangham (1946) 
Hunninen and Hunter (1933); Shaw et 
al. (1934); Hunninen (1936); 
Richardson (1937); Lyster (1940); 
Bangham (1946); Choquette Ù948); 
Fantham and Porter (1948); 
Fischthal (1950) 
Shaw (1933) ; Shaw et (1934) 
Fantham and Porter (1948) 
Bangham (1946) 
Fantham and Porter (1948) 
Van Cleave and Mueller (1934); 
Fantham and Porter (1948) 
Van Cleave and Mueller (1934) 
Fischthal (1947a) 
Fischthal (1952) 
Van Cleave and Mueller (1934) 
Fischthal (1947a) 
Fantham and Porter (1948) 
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Table 7 (Continued) 
Species 
White perch, Roccus americanus 
(Gmelin) 
Rock bass 
Warmouth, Chaenobryttus gulosus 
(Cuvier) 
Green sunflsh 
Pumpkinseed 
Bluegill 
Smallmouth bass 
Largemouth bass 
Black crappie 
Johnny darter 
Yellow perch 
Author 
Hunter (1942) 
Bangham (1946); Fischthal (1947a, 
1950, 1952, and 1956); Bangham 
(1955) 
Bangham (1937); Venard (1941a); 
Bangham and Venard (1942) 
Bangham (1937); Fischthal (1947a) 
Hunter (1942); Bangham (1941b, 
1946, and 1955); Bangham and 
Venard (1946); Fischthal (1947a, 
1950, 1952, and 1956) 
Bangham (1946); Fischthal (1947a, 
1950, and 1952) 
Lyster (1939); Fischthal (1952); 
Bangham (1955) 
Fischthal (1947a, 1950, and 1952) 
Fischthal (1947a and 1950) 
Fischthal (1947a) 
Van Cleave and Mueller (1932 and 
1934); Hunninen (1936); Bangham 
and Hunter (1939) ; Lyster (1939); 
Hunter (1942); Bangham (1941b, 
1946, and 1955); Bangham and 
Venard (1946); Fischthal (1947a 
and 1950); Fantham and Porter 
(1948) 
Mottled sculpin. Cottus bairdi Girard Fischthal (1947a and 1947b) 
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could also have been of this species. Relatively few were sexually 
mature* The flathead catfish held at least 3 immature C_. lllinoiense in 
addition to several other members of the genus Crepidostoaum. It was taken 
in July and was 1.8 inches in length. Three immature C» lllinoiense were 
identified in each of the white crapp^ es although more could have been 
present. Both crappies were taken in July and measured 8.6 and 9.6 
inches. £. lllinoiense adults have been reported from only four species 
of fish. The only record from a black crappie was that of Faust (1918). 
Fearse (1924a and 1924b), Hunter and Bangham (1932), and Bangham and 
Hunter (1939) found this species in mooneyes. Pearse's reports were from 
Lake Pepin, Wisconsin, a portion of the Mississippi River, A record of £. 
lllinoiense from the Johnny darter was given by Hopkins (1934). Reports 
of JC. lllinoiense from goldeyes were contributed by Self (1954) and 
Peters (1963). Since no published reports were found for the flathead 
catfish or white crappie as definitive hosts, these species apparently 
represent new host records. 
In addition to the aforementioned species of trematodes, a closely 
related form, Crepidostomum comutum (Osbom), was encountered. Only 12 
specimens were obtained, all from a 17-lnch bowfin captured in July. Among 
the definitive host records for this species, the bowfin was listed by 
Bangham and Hunter (1939). Since crayfish, rather than mayflies, serve 
as the second intermediate host for C_. cornutum (Hopkins, 1934; Ameel, 
1937; Cheng, 1957; and Cheng and James, 1960b), serious consideration was 
not given to this parasite. It should be mentioned, however, that at 
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least three authors have reported £, comutum from Hexagenla naiads. Hall 
(1929) listed £. comutum from Hexagenia sp, but this must be considered 
doubtful since Hopkins (1934) makes no mention of second intermediate hosts 
other than crayfish (Cambarus spp.). Two possible accounts of 
Crepidostomtm comutum infections were given by Neave (1932) in Hexagenia 
limbata and H. rigida and by Hunt (1953) in H, limbata. Neither author was 
certain of the specific identification and both apparently lacked 
additional life cycle information. Therefore, in view of the difficulty 
in differentiating Crepidostomum spp. metacercariae from each other (Cheng, 
1957), these reports of £. comutum in mayfly naiads should be considered 
doubtful. 
Effects of parasitism on definitive host 
One phase of the parasite study involved pathological effects of the 
allocreadiids on the definitive host. The channel catfish was chosen for 
this investigation because of its commercial value and its importance as a 
host. In the initial attempt, 12 catfish ranging in size from 9 to 12.5 
inches were obtained from the Mississippi River near Burlington. Five of 
these were chtecked immediately for parasites and all harbored C_. ictaluri 
in appreciable numbers in addition to nematodes and cestodes. An attempt 
was made to feed Hexagenia naiads to two of the remaining fish in hopes 
that they would become heavily infected. After 2 weeks, however, evidence 
of naiad consumption was lacking and the hosts were not examined. 
It was hoped that smaller catfish would be more suitable for experiments 
of this type and on September 25, 1962, fingerlings were obtained from the 
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State Fish Hatchery at Humboldt, Iowa. There was no feeding problem in 
this case; six were fed infected Hexagenia naiads while the others were 
fed commercial pellets. Thus, a comparison of infected and uninfected fish 
was possible. Feeding was commenced on September 28 and continued until 
the intestines were prepared for examination. The intestinal tracts of 
three of the naiad-fed fish and one of the pellet-fed fish were prepared 
for histological study. The following is a summary of some data regarding 
these fish: 
Naiad-fed fish; 
Total length 
(mm) 
50 
64 
56 
Pellet-fed fish; 
53 
Date of fixation 
of intestine 
Oct. 8, 1962 
Nov. 20, 1962 
Dec. 8, 1962 
Number of 
parasites 
(not examined) 
15 
10 
Dec. 8, 1962 0 
The intestinal tracts of the remaining naiad-fed individuals were opened 
lengthwise and placed in physiological saline. Permanent whole mounts were 
prepared of the flukes encountered. Five pellet-fed fish, picked at 
random from those remaining, were also examined as a precautionary measure. 
Pertinent information is summarized as follows; 
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Naiad-fed fish: 
Total length Date of examination Number of 
(mm) of intestine parasites 
36 Oct. 8, 1962 2 
41 Oct. 15, 1962 10 
59 Nov. 20, 1962 27 
Pellet-fed fish: 
45 Dec, 8, 1962 0 
53 Dec. 8, 1962 0 
81 July 20, 1963 0 
84 July 20, 1963 0 
112 July 20, 1963 0 
In the majority of cases, specific identification of parasites was not 
possible. This was due primarily to the immature state of the gonads of 
many individuals. The others, however, were identified as Crepidostomum 
ictaluri and it is highly probable that the undetermined parasites were 
at least members of this genus. 
Two of the naiad-fed (the 36 mm and 41 mm individuals above) were in 
obvious ill health when examined but this appeared to be due to starvation 
rather than parasitism. The remaining four parasitized fish were in 
apparent good health at the time of death. 
In order to determine satisfactory staining techniques for histological 
study, preliminary work was performed on the gut of the paddlefish, Polvdon 
spathula. This material was obtained from the Mississippi River—an area 
where this fish is heavily infected with the cestode, Marsipometra hastata. 
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Choice of the paddleflsh gut was based on the premise that any techniques 
demonstrating pathological effects would certainly be effective with tissue 
from this heavily infected species. Zenker's fluid was used as the 
fixative for all of the paddleflsh material because of its value in 
pathological studies. More intense staining was secured with this than 
with comparable tissue fixed in formalin. All tissue was sectioned 
serially at 8 or 10 microns « 
It was hoped that a stain would be found which would differentiate 
inflamed tissue from that which was not inflamed. According to Lillle 
(1948), necrosing and necrotic cells of muscle fibers stain bright pink 
using a phloxlne-methylene blue method. This method was used following 
the procedure given by Davenport (1960). It involves staining with a 5 
percent aqueous solution of phloxine and an aqueous mixture of borax 
methylene blue, and differentiation in an alcoholic solution of colophonlum. 
Examination of the stained sections failed, however, to reveal an evident 
differentiation of necrosing tissues. 
The other approach to detection of pathological effects was by 
examination of blood cells. Meyer (1960) used this method to detect 
inflammatory responses in paddleflsh. In the present study, Heidenhain's 
"azan" triple stain resulted in moderately good staining of leucocytes. 
However, results were unsatisfactory when formalin-fixed catfish intestine 
was stained with Harris' haematoxylin and counterstained with fast green, 
erythrosin, or congo red. Lucas and Jamroz (1961) recommended the use of 
a haematoxylin and azure II eosin stain for blood cell studies on 
sectioned material. Maximow's eosin azure Il-haematoxylln stain was 
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selected from Gurr (1951). The technique specified the use of Ehrlich 
haematoxylin but Harris' haematoxylin was substituted for it and was 
evidently satisfactory. Excellent differentiation of leucocytes was 
obtained and this method was used in all subsequent work involving blood 
cell analysis with paddlefish and channel catfish. The paddlefish sections 
were examined in some detail in hopes that this knowledge would facilitate 
interpretation of inflammatory responses in the experimentally infected 
channel catfish. Meyer (1960) reported accumulations of eosinophils and 
macrophages which were indicative of a chronic inflammatory response. These 
would be expected under such conditions. According to Soulsby (1961), the 
eosinophil has always been considered to be particularly associated with 
helminth infections although its function is not clear. Macrophages perform 
a function in the removal of foreign material and senile blood cells 
(Yokoyama, 1960). Katz (1950) gave an account of defensive action of fish 
macrophages against fish pathogens. Venard and Warfel (1953) observed an 
increase in the number of leucocytes in the alimentary canal of largemouth 
bass as a result of acanthocephalan infections. However, they did not 
differentiate between cell types. 
Paddlefish blood cell examination in the present study yielded results 
quite similar to those of Meyer. Eosinophils were present throughout the 
mucosa and submucosa. Also present in the mucosa and submucosa were 
accumulations of mononuclear leucocytes but these could not, with certainty, 
be considered macrophages. However, Lewis and Lewis (1926) demonstrated 
that mononuclear leucocytes could transform into macrophages and, hence, 
these cells were merely different forms of the same cell type. It is quite 
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possible, therefore, that some of the observed leucocytes could have been 
macrophages, but the inability to detect the cytoplasmic portion of these 
cells with the stains employed makes this questionable. The work of 
Werzberg (1911) and the assistance of Dr. John Greve of the Department of 
Veterinary Pathology were helpful in the identification of blood cells. 
The channel catfish intestine was fixed, sectioned, and stained in the 
same manner as the paddlefish material. Flukes attach themselves to the 
intestinal villi by means of the acetabulum (Figure 9). In no case had the 
worms penetrated the submucosa or muscularis. The blood cells observed in 
the catfish sections were similar to those of the paddlefish. Both 
mononuclear leucocytes and eosinophils were common in the mucosa and 
submucosa of the infected fish. However, there was no discernible 
hematological difference between areas in close proximity to the parasites 
and areas which were not invaded. Eosinophils or other leucocytes did not 
accumulate to a greater degree near the site of infection than elsewhere 
in the intestine. A comparison with intestinal tissue of the uninfected 
fish revealed no detectable difference with respect to mononuclear leuco­
cytes. Eosinophils, however, appeared to be slightly more numerous in the 
Infected fish but the difference was certainly not striking. On the basis 
of blood cell analysis, the pathological effects of the flukes in this 
experiment were evidently slight. 
According to Shaw (1933) and Shaw, Simms, and Muth (1934) the poor 
condition of rainbow trout in certain Oregon waters was probably due to 
infections of Crepidostomum cooperi. A closely related species of 
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Crepldostomum (probably farionls) was believed by Wales (1958) to be 
partially or entirely responsible for several cases of mass mortalities 
involving brook and rainbow trout in California. The intestines of the 
trout examined contained large numbers of these flukes and were 
"seriously inflamed". 
In regard to the fishes of Pool 19, there was no evidence of poor 
condition or mortality due to Crepidostomum or other parasites. Tables 
5 and 6 illustrate that much of the parasitism in this area is contributed 
by other groups. Therefore, with respect to deleterious effects, the 
Crepidostomum parasites themselves are probably of little or no significance. 
Feeding experiments 
In addition to pathological effects, the feeding experiment outlined 
above provided some information on the relation between number of 
metacercariae consumed and number of adults developing in the intestinal 
tract. Four separate collections of naiads were made during the course of 
the experiment, A random sample of ten from each collection was measured, 
cleared, and examined for metacercariae. Results are summarized as follows: 
Collection Range in length of Range in number of Average number of 
date naiads with average metacercariae with metacercariae per 
in parenthesis average in parenthesis millimeter 
(mm) 
Sept. 24, 1962 10-16 (11.6) 3-73 (28.8) 2.5 
Oct. 7, 1962 7-11 (9.3) 1-22 (9.9) 1.1 
Oct. 20, 1962 8-16 (11.0) 1-83 (19.0) 1.7 
Nov. 18, 1962 9-14 (10.5) 1-32 (10.6) 1.0 
For each collection sample, the number of metacercariae and the length 
of naiads were totaled. The number of metacercariae per millimeter was 
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subsequently determined. Since all naiaJs (718) were measured before being 
fed to the fish, it was possible to derive an estimate of the total number 
of metacercariae consumed. This figure was computed to be 11,552. The 
total number of parasites harbored by naiad-fed fish was at least sixty-
four. This value should be somewhat higher since, as indicated previously, 
one fish was not examined. However, since this fish was fed for only 
eleven days, infection was probably light. Using the aforementioned 
figures, it was calculated that only one ingested metacercaria out of 181 
developed in the catfishes' intestinal tracts. 
Carlson (1960) was also successful in infesting fingerling channel 
catfish, all from the State Fish Hatchery at Humboldt, with C_. ictaluri. 
He fed Hexagenia naiads and adults to a total of 12 fish and recovered 
adult jC. ictaluri in six. Individual infestations ranged from one to 
seven. Eight control fish were devoid of flukes. 
Hopkins (1934) fed Hexagenia naiads containing Ç, ictaluri 
metacercariae to seven ictalurids (Noturus gyrinus « Noturus miurus. and 
Ictalurus melas) and recovered these flukes from five of the fish. 
Sexually mature adults were found 14 to 16 days after feeding. His attempts 
to infest a black crappie and several sunfishes (Lepomis spp.) were 
unsuccessful. 
Hopkins also recovered adult or nearly mature £. cooperi from 8 of 11 
sunfish which had been fed Hexagenia naiads. The species successfully 
infested were Lepomis cyanellus. L, humilis. and L^ , megalotts. These 
experiments demonstrated that the time required by most individuals to 
133 
develop into sexually mature adults after entrance into the fish host was 
3 to 4 weeks. In addition, Hopkins obtained £, cooperi from five of seven 
ictalurids (N, gyrlnus. N. miurus. and melas) which were fed infected 
naiads. 
Choquette (1954) successfully infested brook trout (Salvelinus 
fontinalis) with £, cooperi by feeding them parasitized naiads of Hexagenia 
recurvata Morgan and a species of Ephoron (as Polymitarcvs). The time 
required by the flukes to attain sexual maturity varied between 3 and 4 
weeks » 
Distribution within the host 
Some information was acquired regarding the site of infestation within 
the definitive host. The intestinal tracts of 20 individuals, representing 
seven species, were divided into three portions (stomach, anterior one-half 
of intestine, and posterior one-half of intestine) and examined separately. 
Although the trematodes recovered included Ç. ictaluri. £. illinoiense and 
those other than Crepidostomum. significant distributional differences 
between these groups were not evident. The stomach was generally the least 
parasitized portion and was frequently devoid of flukes. In general, both 
sections of the intestine yielded substantially more worms than the stomach. 
Although the relative magnitude of infestation in the intestinal portions 
varied greatly, a general difference between them was not apparent. 
Eggs 
Adult Crepidostomum were recovered during each month in which fish 
collections for parasite studies were made, i.e., April, June, July, and 
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August, Eggs were obtained on several occasions during June and July, 
1963, Egg-yielding adults, all of which were £, ictaluri. were taken 
either from channel catfish or blue catfish collected in the Pool 19 tail-
waters. Eggs of other allocreadlids were not collected. The eggs of £. 
ictaluri are operculate and oval. The dimensions of 13, incubated in tap 
water for 4.5 days, were .072 (.066-.076) by .040 (.035-,043) mm. At this 
time, miracidia were observed moving inside, Hopkins (1934, p, 46) gives 
the dimensions of intrauterine eggs of £. ictaluri; 
...about 61 by 38 [microns] in mounted specimens and 65 to 75 
[microns] by 43 to 50 [microns] when free in water before 
fixation... 
His measurements of jC. cooperl and £. illinoiense eggs do not differ 
greatly from these values. 
Upon collection, eggs were placed in stender dishes containing water. 
Tap water proved to be satisfactory for incubation and hatching but eggs 
placed in distilled water failed to hatch. All cultures were incubated 
at room temperature (approximately 80° F), under normal conditions of light, 
and without aeration. In most instances, an incubation time of 6 days was 
required before hatching. Seitner (1951) experimented with C,. ictaluri 
eggs and observed hatching on the eighth or ninth day after removal from 
the adult uteri. For £. cooperi. Hopkins (1934) reported hatching in 8 to 
10 days after the egg is laid. Peters (1963) observed that _C. illinoiense 
eggs began hatching on the fourth day after incubation at summer room 
temperature (approximately 85° F), 
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Mlracidla 
Since eggs were collected only from £. Ictalurl. studies of mlracidla 
were confined to this species. Recently hatched Individuals were observed 
to rotate slowly while following a slightly spiral path of travel. The 
body shape is variable, being pear-shaped when contracted and rather 
elongate when extended. The lengths of several living mlracidla averaged 
.064 nm and the widths ,03 mm. These dimensions compare favorably with 
those of living mlracidla given by Hopkins (1934). A pear-shaped gut 
opens at the tip of an anterior papilla. One pair of eyespots is present. 
The miracldium also possesses a single pair of flame cells located one on 
each side near the middle of the body length. The body surface possesses 
cilia measuring about ,009 to ,01 mm in length. Seitner (1951) noted the 
occurrence of epidermal plates in a sequence of 6,6,4,2 per tier in 
anterior-to-posterior sequence, 
Hopkins* (1934) description of the cooper! miracldium is quite 
similar to his account of the miracldium of C_, ictalurl. In a study of C^ , 
illlnolense. Peters (1963) noted that the pattern of epidermal plates is 
identical to that of £. ictalurl. He noted several differences between 
the two species, however, and concluded that although specific morphological 
differences exist in the mlracidla of closely related species this stage is 
known for too few allocreadlids to allow broad comparisons at this time. 
Several attempts were made to infect sphaerlld clams by exposure to 
mlracidla of C^ , Ictalurl, Most of the clams used In these experiments were 
2* transversum. the species which probably serves as the first intermediate 
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host in Pool 19. The other clams were an unidentified species of 
Sphaerium from Lake LaVerne on the Iowa State University campus. 
In most of the infection experiments, clams were placed in stender 
dishes with miracidia and allowed to remain for periods ranging from 3 
to 38 days. There was no evidence, however, of miracidial Infection. 
The _S. transversum were small—about 2 mm in length or slightly longer, 
but the clams from Lake LaVerne ranged up to 7 mm. Hopkins (1934) 
attempted to infect young Musculium and Sphaerium by exposure to miracidia 
of _C. cooperi but was unsuccessful. 
In additional experiments, excised gills and digestive glands from 
young and adult _S. transversum were exposed to miracidia. It was hoped 
that miracidial penetration could be observed but results were negative. 
Contacts were made on several occasions but they appeared to be of a 
random nature. 
Rediae and Cercariae 
Incidence of infection 
Crepidostomum spp, rediae and cercariae are harbored by _S. 
transversum. a species which is exceedingly abundant in the mud flats 
of the lower pool. From 1961 to 1963, 1,166 clams from this area were 
examined for rediae or cercariae. Data for each collection are 
summarized in Table 8. It is not known if all larvae encountered were of 
the genus Crepidostomum. Although some were definitely identified as 
Crepidostomum. cercariae of other genera have been reported from _S. 
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Table 8. Incidence of parasitism in Sphaerium transversum from Pool 19 
Collection 
date 
Number of clams 
examined 
Number of clams 
Infected 
Percentage 
of infection 
Dec. 22, 1961 1 0 0.0 
Dec. 30, 1961 19 0 0.0 
July 31, 1961 5 1 20.0 
Aug. 21, 1961 16 2 12.5 
Aug, 22, 1961 125 3 2.4 
March 4, 1962 75 1 1.3 
June 18, 1962 51 5 9.8 
July 7, 1962 31 12 38.7 
July 8, 1962 15 2 13.3 
June 10, 1963 28 0 0.0 
June 15, 1963 288 7 2.4 
June 30, 1963 176 14 8.0 
July 3, 1963 156 10 6.4 
July 12, 1963 76 7 9.2 
July 25, 1963 104 6 5.8 
Totals and average 
percentage of 
infestation 1,166 70 6.0 
transversum (e.g., Steelman, 1939; Dunagan, 1957; and Coil, 1955). It is 
probable, therefore, that larvae other than Crepldostomum also infect the 
Pool 19 clams, 
Hopkins (1934) encountered £. ictaluri rediae and cercariae only in S_, 
transversum. Rediae and cercariae of £. cooperi were recovered by Hopkins 
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from transversum and from another sphaerlld, Plsldlum sp. and by 
Choquette (1954) from several species of Plsldlum. 
In Pool 19, Crepldostomum rediae and cercarlae were found only in _S, 
transversum. About one dozen Sphaerium strlatinum (Lamarck), taken from 
the lower pool on May 3, 1963, were examined and found to be devoid of 
parasites. _S. transversum and strlatinum are the only two species of 
sphaeriids listed by Carlson (1963) as occurring in the mud flats of the 
lower pool. The latter species was reported by Cheng (1957) and Cheng 
and James (1960b) to harbor rediae and cercarlae of Crepldostomum comutum. 
Henderson (1938) found C.. comutum cercarlae in Sphaerium transversum (as 
Musculium transversum) while Ameel (1937) listed the first Intermediate 
host for this parasite as Sphaerium sp. Either strlatinum or 
transversum probably serve as a host of £. comutum in Pool 19. 
Site of infection and possible effects of parasitism 
The principal site of infection of Crepldostomum rediae (mother and 
daughter stages not distinguished) is the digestive gland or hepatopancreas. 
The parasites are always found in this area and often in very large numbers 
(approximately 100 were noted on one occasion). Some were observed in 
the region of the gonads and also on the gills. For £. cooperi. Hopkins 
(1934) found most of the young motile rediae between the inner and outer 
layers of the gills and mantle but noted that all mature rediae occurred 
in the digestive gland. He also mentioned the occurrence of as many as 160 
mature rediae in the digestive gland of a single clam. 
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Additional information was obtained from a microscopic comparison of 
two adult clams, one of which was infected with rediae and cercariae. They 
were killed in Zenker's fixative, sectioned serially at 10 microns and 
stained in Mallory's triple connective-tissue stain or azure II eosin with 
Harris' haematoxylfa. A knowledge of internal anatomy was gained from 
Drew (1896), Monk (1928), and Baker (1928), Rediae and cercariae occurred 
throughout the intertubular tissue (Figure 10) but none was found in the 
lumina of the tubules. Cheng and James (1960a) reported that the 
hepatopaucreas of Sphaerium striatinum was destroyed by redise of 
Crepidostomum comutum. In the present study, there was no evidence that 
destruction of the digestive gland had occurred, but it appeared that some 
tubules were slightly displaced in sites where parasites were most 
numerous. In addition to the digestive gland, parasitism also extended 
into the region of the gonads. Gonadal damage resulting from the 
infection was suggested by the absence of embryos in the infected clam. 
The uninfected clam was characterized by having large brood pouches 
containing enbryos. The possibility of sterility resulting from 
Crepidostomum infections is not remote since similar effects of larval 
trematodes have been reported previously. Cheng and Snyder (1962), in a 
review of the effects of larval trematodes on the molluscan host's gonads 
and reproductive structures, categorized three types of damage: (1) direct 
Ingestion of gonadal tissue by rediae (parasitic castration); (2) sex 
reversals; and (3) inhibition of normal gametogenesis through the disruption 
of normal vascularization, crowding, and toxicity. In the present study, 
ova-producing follicles were observed in the Infected clams, but sperm 
Figure 10, Cross-section of Sphaerimn 
tranflversiim showing rediae 
and cercariaa in digestive 
gland (x 160). Photo­
micrograph by Louis Facto 
Figure 11. Cross-section of Hexagenia limbata 
naiad showing recently-penetrated 
metacercariae. Photomicrograph by 
Louis Facto 
ore 10 « Cross-section of Sjghaeriim 
tranaversum showing rediae 
and eercarlae in digestive 
gland (x 160). Photo­
micrograph by Louis Facto 
Figure 11. Cross-section of Hexaeenia limbata naiad 
showing recently-penetrated metacercarlae* 
Photomicrograph by Louis Facto 
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follicles could not be detected with certainty. The apparent absence of 
the latter could not be attributed to parasitism since this same condition 
was also noted in the uninfected specimen. Monk (1928), referring to 
Sphaerium notatum. reported that during the summer both types of follicles 
are almost devoid of germ cells and are considerably shrunken. 
Even if it is true that Crepidostomum larvae cause sterility in 
transversum. the data presented in Table 8 indicate that the effect on the 
total population would be insignificant. No more than 6 percent of those 
examined harbored Crepidostomum rediae or cercariae. It is believed that 
this sample is sufficiently large to indicate approximate infection 
percentage in the population as a whole. 
Entrance of cercariae into mayfly host 
A limited attempt was made to gain some insight regarding the route of 
entry of Crepidostomum cercariae into the mayfly host. Siebold (1954) 
observed Cercaria armata attacking mayfly naiads through the intersegmental 
membranes. Cercariae of Prosthodendrium (Acanthatrium) anaplocami Etges 
entered Hexagenia bllineata naiads, usually through the abdominal gill 
integument (Etges, 1960). Hall and Groves (1963) reported entry of Cercaria 
adoxovirgula Hall into Paraleptophlebia (Baetidae) naiads through the 
abdominal gills and Cercaria polypvreta Hall and Groves into Hexagenia 
limbata. H. atrocaudata. and Ephemera naiads through the abdominal gills 
and intersegmental membranes of the legs, body segments, and mouthparts. 
In the same study, Cercaria tremaglandis Hall was observed penetrating 
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Hexagenla llmbata and H, atrocaudata naiads through the abdominal gills 
but there was also evidence for penetration through segments of the legs 
and mouthparts. 
Two Hexagenla llmbata naiads (15 and 17 mm in length) were collected 
from Squaw Creek, Story County, Iowa. Each naiad was placed with a 
single Sphaerium transversum which had shed, in one case, approximately 150 
cercariae and in the other, approximately 200 cercariae. Exposure was for 
24 and 25 hours. The naiads were killed in Camoy's fixative, sectioned 
serially at 10 microns and stained in thionin, Mallory's triple connective 
tissue stain, or azure II eosin with Harris' haematoxylin. Some 
metacercarlae were contained within the muscles and fat body of the abdomen 
(Figure 11) while others were found in the gills. Several were situated in 
close proximity to the body wall but, in all instances, penetration had 
been completed. In no case was there evidence of cyst or capsule formation. 
Metacercarlae 
In the present investigation, studies on the occurrence of Crepidostomum 
spp. metacercarlae in Hexagenla naiads of Pool 19 were in essential 
agreement with previous studies by Fremling (1959 and 1960a) and Carlson 
(1960), On June 17, 1961, 35 naiads were collected near the laboratory at 
Lock 19. They ranged in length from 16 to 20 mm with the average being 23,1 
mm. The number of encysted metacercarlae per individual ranged from 1 to 
199 and averaged 28,8, An average of 18,7 and 10,1 parasites were carried 
by the abdomen and gills, respectively. In addition, two metacercarlae 
were noted immediately posterior to the frontal process. 
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A July 7, 1961» collection from above Dam 19 yielded 74 naiads ranging 
in length from 21 to 31 mm and averaging 24.7 mm. The average number of 
metacercariae per individual was 51,9, of which, 42.6 were in the abdomen, 
8.8 in the gills, and 0.5 in the thorax and head. The range in individual 
infections was 5 to 273, The latter number is substantially greater than 
the maximum counts made by Fremling and Carlson, In both the June 17 and 
July 7 collections, the smaller naiads generally held fewer parasites than 
the larger ones, 
A total of seven metacercariae from naturally infected Pool 19 naiads 
were examined. A H. bilineata naiad and a H, limbata naiad yielded 2 
and 5 individuals, respectively. These metacercariae were of particular 
interest since the two median oral papillae were distinctly notched, a 
condition characteristic of adult £. illinoiense. The metacercaria of £. 
illinoiense is unknown but no other known species of adult Crepidoatrnmnm 
possesses notched median oral papillae. Therefore, in view of the 
occurrence of £. illinoiense in Pool 19 fish, it is probably that these 
metacercariae were of this species. 
Metacercariae of £. tctaluri and C_, cooperl were recovered from 
Hexagenla limbata naiads by Hopkins (1934), Choquette (1954) found £, 
cooperi metacercariae in naiads of Hexagenia recurvata Morgan and in a 
species of Ephoron (as Polymitarcvs), 
Trematode parasites other than those considered in the present study 
have been encountered in Hexagenia naiads. The doubtful reports of £, 
comutum in Hexagenia by Hall (1929), Neave (1932), and Hunt (1953) were 
mentioned previously. Tentative Identifications of Crepidostomum canadense 
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Hopkins and Ç,. Isostomum Hopkins were made by Hopkins (1931 and 1934, 
respectively) from Hexagenia sp, Hexagenia limbata serves as an 
intermediate host for the lecithodendriid Mosesia chordeilesia McMullen 
according to Hall (1959). Another lecithodendriid. Prosthodendrinm 
(Acanthatrium) anaplocami utilizes JH, bilineata for the second intermediate 
host (Etges, 1960). Hexagenia limbata naiads were infected by Cercaria 
tremaglandis and Cercaria neusticoides Hall but these mayflies were probably 
not the natural second intermediate host for the latter species (Hall, 
1960). Hall and Groves (1963) succeeded in infecting H. limbata and H. 
atrocaudata with Cercaria tremaglandis and Cercaria polvpvreta. Although 
it is not known if any of these parasites are harbored by Pool 19 Hexagenia 
naiads, no evidence to suggest their occurrence was found. 
145 
DISCUSSION 
The information gathered in the present study disclosed that nuisance 
mayflies and caddisflles are utilized by many species of fish In Pool 19 
and in the taiWaters. Hexagenia mayflies were especially important In the 
diets of mooneyes, channel catfish, white bass, white crappies, black 
crappies and freshwater drum. As indicated herein, Hoopes (1959 and 1960) 
found that large numbers of these insects are also consumed by paddleflsh 
and goldeyes. Nuisance caddisflles were generally less Important but 
evidently comprised nearly 29 percent of the food of channel catfish. 
 ^ Hoopes found that the shovelnose sturgeon feeds heavily on nuisance caddis-
fly larvae, especially Potamyia flava. 
The significance of these observations is evident when one considers 
the importance of the species of fish mentioned above. The channel catfish, 
according to Hoopes, (1959) ranks as the most Important fish in commercial 
landings, both In pounds landed and in monetary value to the fishermen. 
Its contribution to the sport fishery is also considerable. Paddleflsh and 
sturgeon, although not abundant and of no recreational value, bring high 
prices on the commercial market. Freshwater drum are very abundant in the 
Pool 19 area and considerable numbers are caught by both sport and 
commercial fishermen. Mooneyes and goldeyes are not significant as sport 
fish but modest numbers are taken for smoking by commercial fishermen. 
Crappies and white bass are very important in the sport fishery of this 
area. Although the white bass is not a commercial fish, the state of 
Illinois permits limited commercial fishing for crappies. 
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Native minnows, which are important as forage fish, also consumed 
nuisance mayflies and caddisflies but to a lesser extent. However, 
Hexagenla was particularly important in silver chub diets while river 
shiners utilized caddisflies to a significant degree. 
A possible significant role of Hexagenla in the diets of three 
additional Important species is suggested by limited data gathered in the 
present study or by results of other studies. Stomach contents of the 
commercially Important flathead catfish indicated that Hexagenla naiads 
may be Important food for the young of this species. Fish apparently 
become Increasingly important in older flatheads. Little evidence was 
obtained in this study or by Hoopes (1959) to suggest significant 
utilization of Hexagenla by walleyes or saugers in the Pool 19 area. How­
ever, several published accounts of the food of these species, especially 
walleyes, disclosed the Importance of Hexagenla in certain other waters. 
It is possible that additional studies at Keokuk would concur with these 
findings. Both walleyes and saugers are prized by sport fishermen. 
With respect to deleterious effects, the Crepidostomum spp. parasites 
are probably insignificant. Comparisons of uninfected with Infected 
channel catfish revealed, at the most, only slight haematologlcal differences 
in the intestine. Although particular attention was not given to this 
question, there was no evidence of poor condition or mortality of fish due 
to Crepidostomum or other parasites. Since much of the parasitism is 
contributed by other groups, the Crepidostomum parasites themselves are 
probably of little or no significance. It should be added that because 
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they do not invade fish muscles, marketability of commercial species is 
not affected by their presence. 
Regarding the first intermediate host, Sphaerium transversum. the 
possibility exists that Crepidostomum infections result in sterility. 
However, the resulting ecological consequences would be unimportant, 
partially because of the low percentage of infection (6 percent or less 
in collections during a 3-year period). In addition, these clams were 
not utilized extensively by fish. They were most important in carp but 
comprised less than 13 percent of the gut contents. 
No attempt was made to determine possible deleterious effects of 
Crepidostomum metacercariae on Hexagenia naiads. It is known, however, 
that these insects are able to harbor large numbers of parasites and 
virtually all of the larger naiads are infected to some degree. More­
over, the mobility of these naiads suggests that they are not weakened 
appreciably by parasitism. It is possible, however, that a slight 
weakening may result in instances where Infections are heavy and such 
a condition could conceivably render the naiads more susceptible to 
prédation by fish. Salt (1963, p. 610) stated that: 
It would be interesting to know whether the Insects that serve as 
intermediate hosts of trematodes and splrurold nematodes are in any 
way affected so as to fall prey the more readily to the definitive 
hosts. 
Whether or not mortality may result from the metacercarial Infections 
is not known. However, considering the fact that very large populations 
of naiads are present in Pool 19, it is likely that mortality. If It 
does occur, Is Insignificant. 
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Carlson (1963) investigated possible methods of chemical control of 
nuisance mayflies and caddisflies of the Pool 19 area. Two insecticides 
killed caddisflies at concentrations low enough to provide safe treatment 
without killing fish. Hexagenia naiads, however, seemed nearly as 
tolerant as fish to the chemicals used. Carlson did not recommend wide­
spread control measures at this time because of the potential danger to 
human populations and the likelihood of disturbance of the biological 
balance. However, he expressed the desirability of studies of plankton 
populations, additional laboratory toxicity investigations involving may­
flies, caddisflies, and other benthic organisms, and studies of the effects 
of toxicants applied to experimental plots in the river. 
Even though adequate knowledge may eventually be acquired to permit 
safe, selective chemical control, the desirability of widespread programs 
can be questioned. The food habit Information summarized earlier 
demonstrates that such measures would result in a loss of food sources for 
many species of fish. Control of caddisflies can be more easily justified 
than control of mayflies since the former are generally less important as 
food for fish. However, the significance of caddisflies in the diets of 
channel catfish and shovelnose sturgeon cannot be ignored. The importance 
of Hexagenia naiads and adults as food for several valuable species Is a 
powerful argument against control of these insects. However, as indicated 
by Steven (1930), most fish will, within certain limits, eat those 
organisms which are most numerous or easily available. Note should be made 
of the recent decline in the population of Hexagenia naiads in western 
Lake Erie (Beeton, 1961). A food habits study of Lake Erie fish by Price 
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(1963) indicated that, in 1958, chironomlds occupied the place in the food 
chain of several species formerly ascribed to mayflies. In Pool 19, the 
fish affected by insect control would be excepted to utilize benthic 
organisms remaining in the treated areas until repopulation with mayflies 
or caddisflies. Whether or not fish would be harmed by the temporary 
reduction in biomass is not known. Referring to mayfly control, Carlson 
(1963) stated that removal of naiads frtm experimental plots would almost 
surely be immediately followed by repopulation by naiads from adjacent 
areas. He suggested the possibility, however, that the vacated habitat 
might be inhabited by midges or other short-lived organisms which could 
retain dominance in the area. With regard to repopulation by midges, 
Carlson cited evidence that these organisms could become a greater nuisance 
than mayflies. Since it has been concluded that deleterious effects of the 
Grepidostomum parasites are probably of little or no significance, this 
aspect of the problem should be considered irrelevant to the question of 
insect control. 
The author agrees with Carlson that widespread control measures of 
either mayflies or caddisflies should not be attempted at this time. 
However, if further laboratory studies produce satisfactory results, the 
toxicants could then be applied to small experimental plots in the river. 
Such studies would determine more exactly the ecological consequences and, 
thus, provide additional Information relevant to the advisability of 
widespread control measures. 
It should be recalled that information gathered while trapping 
Hexagenia naiads suggested the possibility of predicting emergences by the 
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capture of last Instar naiads during the preceding afternoon and evening 
hours. Although additional work is necessary to substantiate this 
possibility, the ability to predict emergences could have value if control 
measures are not attempted. On evenings when an emergence Is expected, 
residents and merchants in the area could be encouraged to reduce lighting 
facilities while diversionary light sources, if available, could be turned 
on. 
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SUMMARY 
1, The objective of this study was to provide additional information on 
the ecological relationships of nuisance mayflies, caddisflies, and 
fish in the Mississippi River near Keokuk, Iowa. This area included 
Pool 19 and tailwaters. The principle nuisance caddisflies are the 
hydropsychids Hydropsyche orris Ross, Cheumatopsyche campyla Ross, anci 
Potamyia flava (Hagen). The most important mayflies belong to the 
genus Hexagenia. Hexagenia bilineata (Say) is, by far, the most 
abundant species of this genus in the Keokuk area. Particular attention 
was given to utilization of mayflies and caddisflies by fish and the 
importance of certain trematode parasites which employ several species 
of fish as definitive hosts and Hexagenia naiads as the second inter­
mediate host. 
2, A total of 46 species of fish were collected during a period extending 
from 1960 to 1963. At least some food habit information was obtained 
for 43 species. 
3, Mayflies were found in stomachs of 30 species of fish. Hexagenia. 
consumed by 24 species, was, by far, the most important mayfly genus 
with respect to utilization by fish. Naiads and adults contributed 
significantly to the diets of mooneyes (66 percent), white crappies 
(52 percent), freshwater drum (45 percent), white bass (35 percent), 
channel catfish (32 percent), black crappies (30 percent), and silver 
chubs (26 percent), A previous study at Keokuk disclosed the importance 
of Hexagenia in the diets of paddlefish and goldeyes. Species utilizing 
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Hexagenla to a lesser extent Included smallmouth buffalo (19 percent), 
bluegills (13 percent), shortnose gars (13 percent), emerald shiners 
(9 percent), and carp (S. percent). 
Caddlsflles were found in stomachs of 31 species of fish. The nuisance 
species, H. orris. £. campvla. and 2» flava were frequently encountered 
but usually did not comprise large percentages of stomach contents. 
They contributed more than 10 percent of the food of shortnose gars and 
mooneyes, and probably nearly 25 and 29 percent, respectively, of the 
food of river shiners and channel catfish. In a previous study at 
Keokuk, nuisance caddlsflles, especially jp. flava. were important food 
for shovelnose sturgeon. For all species of fish combined, JH. orris and 
£. campvla were the principal nuisance caddlsflles and were more 
important in the tailwaters than in Pool 19. Oecetis sp. larvae, the 
only other caddlsflles of importance, comprised 23 percent of the food 
of silver chubs and were of lesser significance in several other species 
including bullhead minnows, bluegills, and river darters. They were 
most commonly encountered in the fish collected from lower Pool 19. 
Mlcrocrustaceans, amphipods, and chlronomids were common food items of 
small species and the young of other fish. The contributions of 
chlronomids were greater in Pool 19 than in the tailwaters. 
Stomach contents of the gizzard shad examined consisted primarily of 
plankton organisms, mostly phytoplankters. Plant material was of varying 
significance in the food of buffalo, river carpsuckers, and some 
minnows. 
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7, In spite of their abundance in lower Pool 19, mollusks were not 
utilized extensively by the fish examined. 
8, The principal fish-eating species were gar, white bass, crappies, 
saugers, and walleyes. The saugers and walleyes examined were almost 
exclusively piscivorous, 
9, Light trap collections at Lock 19 during 1961 yielded at least 12 
species of caddisflies. More than 99 percent of the total number of 
individuals consisted of £, campvla. H, orris. Cvrnellus marginalis 
(Banks), and P^ . f lava. P^ , flava was most abundant during late June 
but £. marginalis was most common during August. In spite of the 
relative abundance of the latter species in light trap collections, 
very few individuals were found in fish stomachs, 
10. Trapping studies near the laboratory at Lock 19 disclosed that Hexagenia 
naiads leave their burrows at times other than just preceding an 
emergence and that this activity is of major magnitude. Most naiad 
movement was nocturnal and in a downstream direction. Evidence was 
gathered to suggest the possibility of predicting emergences by the 
capture of last instar naiads during the preceding afternoon and 
evening hours. 
11. The reported character for distinguishing between naiads of H. 
bilineata and H, limbata. i.e., the shape of the frontal head process, 
is not valid. However, it is believed that the simultaneous use of 
three characters, involving abdominal color patterns, appearance of 
154 
hind wing pad margins, and shape of mid-tarsal claws, will permit 
separation of a high percentage of naiads more than 15 or 20 mm in 
length. 
From 1961 to 1963, intestinal tracts of 28 species of fish were 
examined for helminth parasites. Trematodes were numerically the 
most Important parasites and were recovered in 18 species. Members 
of at least 20 species harbored nematodes, while cestodes were noted 
in 10 species and acanthocephalans in six. 
This parasite study was concerned principally with three species of 
the genus Crepidostomtmn (Digenea: Âllocreadildae). Two of these, £. 
ictaluri Surber and C. cooperl Hopkins, are known to employ Hexagenla 
naiads as the second intermediate host. This is also probably true 
of the other species, C_, illlnolense Faust. 
Adult £. ictaluri were identified In seven species of fish: channel 
catfish, blue catfish, black bullhead, yellow bullhead, flathead 
catfish, tadpole madtom, and white crapple. The greatest magnitude 
of infection was found in the blue catfish. The blue catfish, flathead 
catfish, and white crapple evidently represent new definitive host 
records for this parasite. 
Adult £. cooper! were identified in a single yellow bullhead. 
Adult C^ . illlnolense were recovered from three species of fish: 
mooneye, flathead catfish, and white crapple. The flathead catfish 
and white crapple evidently represent new definitive host records for 
this parasite. 
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17. Ç,. Ictaluri were recovered from fingerling channel catfish fed 
naturally infected Hexagenla naiads from Pool 19. The range in 
individual infections was 2 to 27. In this experiment, the total 
number of metacercarlae consumed was estimated and, from this, it 
was calculated that only one infected metacercaria out of 181 
developed in the hosts* intestinal tracts. 
18. Intestines of fingerling channel catfish infected with Crepldostomum 
(probably Ictaluri) were examined histologically. There was no 
discernible hematological difference between areas in close proximity 
to the parasites and areas which were not invaded, A comparison with 
intestinal tissue of uninfected fish revealed no detectable difference 
with respect to mononuclear leucocytes but eosinophils appeared to be 
slightly more numerous in the infected fish. On the basis of blood 
cell analysis, pathological effects of the flukes were evidently 
slight, 
19. No evidence was found to suggest poor conditions or mortality due to 
Crepldostomum or other parasites in fish of Pool 19 and the tail-
waters, Since much of the parasitism in this area is contributed by 
other groups, the Crepldostomum parasites themselves are probably of 
little or no significance with respect to deleterious effects, 
20. The intestinal tracts of 20 individuals, representing seven species, 
were examined to determine distribution within the host. Trematodes 
recovered included £, ictaluri. C_, llllnolense and those other than 
Crepldostomum. but significant distributional differences between 
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these groups were not evident. The stomach was generally the least 
parasitized portion and was frequently devoid of flukes. Both 
sections of the intestine usually yielded substantially more worms 
than the stomach but a general difference between the sections was 
not apparent, 
21. Following incubation in tap water at room temperature, C, ictaluri 
eggs hatched, in most instances, after 6 days. Attempts to infect 
sphaeriid clams as well as excised gills and digestive gland of 
these clams by exposure to C_. Ictaluri miracidia were unsuccessful. 
22. Crepidostomum spp. rediae and cercariae are harbored by the pelecypod, 
Sphaerium transversum. a species which is very abundant in the mud 
flats of Pool 19. The principal site of infection is in the digestive 
gland (hepatopancreas). Of 1,166 clams collected from 1961 to 1963, 6 
percent or less were infected with Crepidostomum larvae. A limited 
number of Sphaerium striatinum. evidently the only other sphaeriid in 
this area, were collected and found to be devoid of helminth 
parasites, 
23. The possibility of clam sterility resulting from Crepidostomum spp, 
infections was suggested. However, if this is true, the effect on 
the clam population of Pool 19 would be insignificant because of the 
low percentage of infection. 
24. When Hexagenia naiads were exposed to Crepidostomum cercariae, 
penetration through the integument occurred within 25 hours. 
Evidently, some parasites gained entrance through the gills while 
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others penetrated through the abdomen. There was no evidence of cyst 
or capsule formation within a 25-hour exposure period, 
25. Metacercariae from naturally infected Hexagenla naiads from Pool 19 
include at least 2 species—Crepldostomum ictalurl and probably Ç. 
llllnolense. There was no evidence that the naiads harbor metacercariae 
other than Crepldostomum. Nearly all metacercariae are encysted In the 
abdomen and gills. The greatest individual infection was 273. 
26. No information was obtained regarding possible deleterious effects of 
parasites on Hexagenla naiads. However, In view of the large 
population of these insects in Pool 19 and the fact that they are 
capable of harboring large numbers of metacercariae, the parasitism is 
probably of little or no significance. 
27. The deleterious effects of Crepldostomum parasites on definitive and 
intermediate hosts are probably insignificant and should be considered 
irrelevant to the question of insect control. Although Hexagenla was 
a significant source of food for several important species of fish, 
nuisance caddisflles were generally less important. Therefore, 
caddlsfly control is more easily justified than mayfly control. How­
ever, widespread control of either group is not recommended at this 
time since additional toxicity studies are needed to determine more 
exactly the ecological consequences. 
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